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-The puroose of the Air Force Health Study is to determine whether those individuals
involved in the spraying of herbirides in Vietnam during the Ranch Hand operation
have experienced any adverse health effects as a result of their participation in
.hat program. The study is designed to evaluate •oth the mortality (death) and
morbidity (disease) in these individuals over a 20-year period beginning in 1982.

The Baseline Mortality Report was released in June 1983, the Baseline Morbidity Report
in February 1984. Follow-up mortality reports were release'1 in 1984, 1985, and 1986.
This study has not demonstrated health effects which can be conclusively attributed,
to herbicide or dioxin exposure.
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11is reeort contains analyses of cumul ative deaths occurring up to 31 C'ecamber
I'3 7. Thiase data show no statistical difference between the cumulative mortal-
i4y of 1,231 Ranch Hands and that of 6,257U matched Comparisons and the entire
-sc--ulation of 19,101 Comparisons. To nate, 5.3% of the Ranch Hands, 6.02• of
:•\ atcned Comparisons and 6.440 of the Comparison population have died.

-:- overall cumulati've morta]lity of the Ranch Hands remains statistically
indistinguishable from that of both their matched Comparisons and the entire
C:mparlson population, although there is a statisticaily significant increasing
trend in post-1983 death rates among Ranch Hand flying officers and a statisti-
cally significant increase in Ranch Hand digestive system deaths relative to
"the Comparison population; these findings are not suggestive cf a herbicide
effect. Ranch Hands are equivalent to all Comparisons in cumulative accidental,
nalignant neoplasm and circulatory system mortality. <z j CaD r& L
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E:.ecutive Su,,-,ary

,n V2al uation of iata througq 31 December i127 (certified as of 1ý June
j) n•s fouia n - stat szt cal di farence D ez.qeen nr.e cumuI ati y morv-aliy
,h .:, Hands and that of 5,2£0 matchaed C;moarisons and rhe entire

,:uain if i?,421 Ccn'tari sons. T!., overall ad.justed Ranch Hand mortal i ty
.. .i.• 2.. -a;ins per 10C2 oerscn-ycrs and tre corresponding -- aes for th2

;>ed C•lnari sons and the Compari son population are 2.74 ard 2. 7 e•eahs per
iJ person-years respectively. To date, 5.871 of the Ranch Hands, . of
:.:a matched Comparisons and 5.441 of the Comparison population have died.

Restriction to deaths occurring after 1983, however shows a statistically
si ,nificant increasing trend in the standardized mortality r3t'o (SR), unad-
justed for year of birth, during the years 1983 through 1987 among flying
officers, flyers, officers and all personnel. The trends in flyers, officers
and all personnel are attributed to the increasing trend among flying officers
,herein the calendar vear-speci ic SMR's were 0.00 in 1983, 0.59 in 1984, 0.59
in 1185, 2.30 in 1935 and 1.75 in 1987. This pattern is due to unusually low
R".nch Hand death rates prior ta 1986 and increased numbers of Ranch Hand circu-
latory and malignant neoplasm deaths during 1986 and 1987. However, Ranch Hand
malignant neoplasm deaths in this stratum during 1986 and 1937 are not restricted
to a particular anatomic site or cAncer type. Additionally, current TCDD assay
resuilts suggest that flying )fficers were among the least exposed of all Ranch
>!and personnel. These trends could not be analyzed with respect to the exposure
index due to sparseness. Although they appear unrelated to herbicide exposure,

-hese results remain unexplained at this time. Continued surveillance is indi-
cated to determine whether this trend continues.

This evaluation differs from previous statistical contrasts of Ranch Hand
and Comoarison mortality in that the mortality experience of the entire Compar-
ison population has been determined as the standard for assessing Ranch Hand
mortality. This expansion of the mortality study was prompted by an analysis
of mortality through 31 December 1983 which revealed heterogeneity within the
cohort of matched Comparisons.

All analyses in this update contrast Ranch Hand mortality with that of
the matched Comparitons of previous reports as well as with the mortality of
the entire Comparisnn population. The results of both assessments are similar,
with the overall adjusted relative risks assessing Ranch Hand cumulative mor-
tality with matched Comparisons ane 'ith all Comparisons estimated as 1.2O and
1.01, respectively.

Adjusted cumulative cause-specific analyses reveal group equivalence in
accidental, malignant neoplasm and circulatory deaths. bIgestive system deaths
are statistically significantly more frequent in .Ianch Hands (unadjusted
S;MR-2.7, P-0.01) relative to the Comparison population. However, five of the
six Ranch Hand digestive system deaths were attributable to alcohol ctinsumption
and, therefore, this finding is considered unrelated to herbicide axposure.

Analyses of Ranch Hand mortaiity versus exposure to dioxin, as estimated
by the Air Force exoosure index, reveal no significant association aetween
mortality and exposure.



.concl usi on, th"e• overal1 cumul ati ve mortal i ty of the Ranch Hancs remains
s-latisticaly lndistipguisnabie from that of both "their matched Comnuarisons and
t...iz, entire Comoari son popul ation, although there is a statistically significant
increasing trend in 2ost.-1933 death rates among Ranch Hand flying officers and
a statistically significant increase in Ranch Hand digestive system deaths
relative to the CoiaDarison population; these findings are not suggestive of a
j,•erbicide effect. Ranch Hands are equivalent to all Comparisons in cumulative
accidental, malignant neoplasnm and circulatory system mortality.
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i. :1TCCUCTI >I

This report updates the findings of the Air Force Health Study baseline
ýor'aliity report [I] released on June 30, 1383. Other updates were released
1ID24 CW], !2•5 [3] and !1,5 [4]. The reader is referred to the baseline

-r or information recarding the study design, the mortality determination
:rccass and previous findings.

this report differs from previous re;orts in that the entire Ccm=arison
:c~ulation has been incorporated in the mortality detarmination. Thia expan-
;inan as allowed the application of statistical procedures that accommodate
population death rates to compare observed and expected numbers of deaths with
adjustment for calendar period as well as age at death, rank and occupation.
Adcitionally, small increases in the number of Ranch Hands have occurred as
aduitional Ranch Hands were recently determined to be eligible for inclusion
in the study. As these new Ranch Hands were added to the study, newly matched
Comparisons were added to the matched Comparison cohort. Thus, the group sizes
in this report differ somewhat frcm those in previous mortality reports. These
analyses also differ from those shown in previous reports because tour dates
,sere determined for all Ranch Hands and their matched Comparisons, allowing the
appropriate mortality contrasts referenced from date of tour as well as from
date of birth.

Tour dates for unmatched Comparisons were randomly generated to permit
analyses and report writing to take place while tour date determination for
this expanded group continues. These artificial dates were produced by a
random number generator and are uniformly distributed over the range November
1)56 to October 1971. This range corresponds to the range of matched Comparison
"tour dates. Thus, while death rates referenced to tour date are only approxi-
mate for the unmatched Comparisons, they are considered adequate for reference
with Ranch Hand rates. The effect of the use of these artificial tour dates
for unmatched Comparisons is negligible, as evidenced by the near equivalence
of Ranch Hand versus Comparison mortality contrasts both with and without the
use of tour date information.

Changes in the Ranch Hand and matched Comparison cohort are documented
in Table 1, which shows all additions to both groups since 1983. In Table 1,
counts of matched Ccmparisons actually included in previous mortality reports
are labeled with the heading Cl-CS and the total matched Comparison cohort is
labeled C1-Cl0 because the Protocol specified that up to 10 Comparisons were
to be matched to each Ranch Hand on date of birth, rank, race and occupation
and that a random 5 from each match set were to be used as mortality Ccmpari-
sons. At baseline, 1,247 Ranch Hands were identified, to which 9,982 Compari-
sons were matched. Of the matched 9,982 Comparisons, five in each match set
were randomly selected to produce a baseline mortality Comparison cohort of
6,171 Comparisons. The total Comparison population numbers 19,101 individuals,
10,133 matched and 8,968 unmatched to Ranch Hands.



Ranch Hand and Comparison Counts, 1983 - !138

ortal i ty Al1
o cort Ranch Hand CI-C5 :1-C1 Carisons

]azel ine
june 33 137 ,171 9932 2J13

27 Juiy 34 1256 6121 9982 19101

Update
15 July 85 1257 6171 9982 19101

Update
25 Dec 86 1257 6171 9982 19101

Current Update 1261 6250 10133 10101

The increase in the C1-C5 cohort from 6,171 to 6.250 and the increase
in the CI-CI0 total matched cohort from. 9,982 tc 10,133 occurred when 151 Com-
parisons were matched to the 4 newly discovered Ranch Hanas and 15 previously
unmatched Ranch Hands in 1988.

Since the 1986 update, the mortality deteriination process has been
extended to the entire Comiparison population to address concerns that the
mortality experience of the Cl-C5 matched Comparison cohort might not be repre-
sentative of the mortality of all matched ComDarisons. This expansion of the
"Comparison group to the entire Comparison population occurred after concurrence
by the Advisory Committee appointed by the Agant Orange Working Group. Their
decision was motivated by data, shown later in this section, that suggested
that the mortality experience of the Cl-C5 Comparison cohort was, purely by
chance, not representative of the mortality experience of the entire matched
Comparison cohort.

This report, therefore, contrasts Ranch Hand mortality with that of the
entire Comparison population of 19.101 Comparisons who flew or serviced C-130
cargo aircraft in Southeast Asia during the same calendar period that the
Ranch Hand unit was zctive in Vietnam. Except whiere necessary to relate to
the December 1983 report,* lergth of life is measured from the start date of
the qualifying tour of duty, rather than from the birth date, as in previous
reports. These new data heve allowed the presentation of death rates per
perton-year, a new statistic in these mortality updates. To ease the transition
from previous reports, Ranch Hand mortality is also contrasted with the C1-C5
subcohort of Comparisons, as in previously presented analyses. Throughout this
report, Cl-C5 refers to the 6,250 matched Comparisons and "all Comparisons"
refers to the entire population of 19,101 Comparisons.
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T'a analyses in this report are based on cumulative mortality as of
_, 2c,-'ber 1937 (verified 3az of 15 June 1938). Table 2 shows summary counts,

:ýr7on-years and death rates by group (Ranch Hand, C1-C5, All Comparisons);
e 3 'I' ows these summary statistics by group, rank and occupation. In

T.Zl_ s 2 through 6 and Table 8, the column headed "Rate (%)" shows percent
i ((hummer dead/number at risk) *1C0), a statistic displayed in previous

"ra1i-y uodates and now suoplanted by death rate per 1000 person-years.
. rou'3out this report person-years are measured from tour start dateM. In

o:-Daes, columns of deatn rates per 1000 person-years are simply headed
:.he 4ord 'Rate" (without the % sybol).

in the hypothetical case that the Ranch Hand mortality experience is the
-ame as that of the Comparisons about 51 of the many statisticil analyses shown

in this report should be expected to produce P-values less than 0.05. The
observation of significant results due to multiple testing on the same data,
even when there is no group difference, is known as the multiple testing arti-
fact and is common to all large studies. Unfortunately, there is no statistical
procedure available to distinguish between those statistically significant
results that arise because of multiple testing and those which may arise due to
a herbicide effect. Hence, each significant result is scrutinized with regard
to concomitant information to determine whether the result can be reasonably
attributed to herbicide exposure.

A person-year is the length of time lived by one person in one year. The
total number of person-years for a cohort is the total length of life lived by
the cohort. Persons surviving to the time. of data analysis contribute the
time, in years, between the dates of entry into follow-up and data analysis.
?ersons known to have died before the date of data analysis contribute the time,
in years, between the dates of entry into follow-up and death. In this study,
the date of entry into follow-up is the date of the start of the first qualify-
ing tuur of duty. The date of data analysis is, effectively, 31 December 1987,
the end of the 1987 calendar year. Throughout this report, person-years are
rounded to the nearest. year and are sometimes abbreviated as "P Y" in table
headings.

TABLE 2

Summary Counts by Group, All Personnel

Number Number Rate Person- Rate Per 1000
Group at Risk Dead (%) years Person-years

Raoch Hand 1251 74 5.37 24964 2.96
C1-C5 6250 376 6.02 126291 2.98
All Camp 19101 1039 5.44 413726 2.51

3



-:zmary Counts by Group, R-.:< and 2o:patiion

.iyir3 Officers

_z,,2r Rate a Pr-on- *Ra: ?er ICOO
a S k 2ad y~ars ?2rson-years

H r ~d -.7 25222:]-c.3 21: 3.5 4S42 2.75" ,i Cýmp 625 I I5.O3 11U304 2.39

Elisted Flyers

Niumber Num~ber Rate Person- Rate Per 10CO
Graoup at Risk Dead (•) years Person-years

Ranch Hand 207 12 5.20 4112 2.92
CI-C5 !.035 83 8.02 20771 4.00All Comp 2333 202 7.13 60292 3.35

All Flyers

N umbber Number Rate Person- Rate Per 1000Group at Risk Dead (%) years Person-years

Ranch Hand 648 37 5.71 1234C 2.88
Ci-C5 3211 204 6.35 64612 3.16All Comp 9078 521 6.45 170596 3.05

Nonflying Officers

Ilumber Number Rate Person- Rate Per 1000
Group at Risk Dead (%) years Person-years

Ranch Hand 26 1 3.85 512 1.95
C1-C5 124 6 4.84 2561 2.34All Ccmp 236 15 5.24 6135 2.42

Nonflying Enlisted Personnel

Number Number Rate Person- Pate Per :'00
Group at Risk Dead (%) years Person-years

Ranch Hand 587 36 6.13 11604 3.10
Cl-C5 2915 166 5.69 59117 2.31All Comp 10737 503 4.68 236945 2.12



3 .3n*,'J)

zý=ry Co:2 ,roup, Rank and Occipation

ALbr Rate Person- Rate Per 1000
a;- ~i Zk C a d ()years ?arson-years

302J 1725.5 3179 2.79
3310~ 10353 4.70 2)4 313 0 2.13

All Enlisted Personnel

llu~ber Ium.ber Rae Person- Rate Per 1000
Group at R4sk Dead 04) years Person-years

Ranich Hand /_4 48 6 .05 1571.5 3.05
3015 3930 249 6.30 79388 3.12

All Conip 1135/C 705 5.19 297237 2.37

All Officers

NJunber NJumber Rate Person- Rate Per 1000
Group at Risk Dead %0years Person-years

Ranch Hand. 467 26 5,57 9248 2.81
Cl-Cls 2300 127 5.52 46403 2.74
All Ccmp 5531 3374 6.04 115489 2.37

Cccupation and race-specific mortality is summ.arized in Table 4. Some
Ranch Hand death rates in Table 4 appear unusually high. For example, the Ranch
Hand death rate among Black enlisted flyers is 13.46 and the corresponding rate
,,;or all Comparison deaths in this stratum is 4.40 deaths per 1000 person-years

(s1~3.SP-0.02). These deaths are too infrequent to comput,; a zonfidence
interval. The four Ranch Hand deaths in this stratum have occurred since 1980.
"0'ne of the 4 deaths !-as a suicide, 1 was accidental, 1 was due to a digestive
sys'tam disease and 1 wai due to ill-defined causes. The increased Ranch Hand
býath rite in this stratum tnerefore remains unexplained but appears unrelated
to herbicide exposure.

TABLE 4

Sumiary Counts by Group, Race-Spec-ific Mortality

Nonbiack Pilots

Aumber .4umber Rate Person- Rate Per 1000
Group at Risk OCad 01)a years Person-years

Ranch Hand 351 20 5.70 5937 2.88
Cl-CzS 1.749 101 5.77 35169 2.87
All Comp 3419 2311 6.76 70034 3.30
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SL ary CounIts ;y Sroup, L ac -SP-ci fi Iorit :y

'ionbl ack 1avi' *.tors

Ratae ron- "at. Per 1CC
rZ Uisk d () years ?.r-un-years

.m.ach Hand 32 3 5.10 1-17 3.0
- 4.)E 3,.Al 1 CumD 7 37 4 .0 29106 2.22

Nonblack Nonflying Officers

Nlumber Number Rate Person- Rate Per 10C0
Group at Risk Dead (') years Persen-years

Ranch Hand 25 1 4.00 494 2.03
CI-C5 122 6 4.92 2522 2.38
A!l Ccimp 232 15 5.32 509Q 2.46

Nonblack Enlisted Flyers

,umber Number Rata Person- Rat3 Per 1000
Group at iisk Dead (0) years Person-years

Ranch Hand 192 8 4.17 3315 2.10
CI-CS 950 72 7.50 19205 3.73
All Comp 2509 181 6.94 55523 3.26

Nonblack Nonflying Enlisted Personnel

Lumber Number Rate Person- Rate Per 1000
Group at Risk Dead (%) years Person-years

Ranch Hand 524 34 6.37 10557 3.22
C1-C5 2555 152 5.73 53823 2.32
All Comp 9701 444 4.58 2142C6 2.07

Black Pilts

lumber Number Rate Person- Rate Per 1000
Group at Risk Dead (0) years Person-years

Ranch Hand 5 0 0.00 115 0.00
CI-C5 13 0 0.00 269 0.00
All Comp 20 1 5.00 452 2.21

0



T' 'LE4 ~Cond

S.,7ary 0ounts by Group, Rac2-Specific >lortai ty

31 ,ck Navigators

Lumber Num er Rate a erson- Rat• Per 1000
arou: at Aisk Dead (e) years ?erson-years

.anch Hand 2 0 0.00 38 O.CO
10-5 0 0.00 219 0.00

\.i Ccmp 32 0 0.00 714 0.00

3lack Nonflying Officers

Number Number Rate Person- Rate Per 1000
Group at Risk Dead (%) years Person-years

Ranch Hand 1 0 0.00 i9 0.00
CI-C5 2 0 0.00 39 n.Co
All Ccmp 4 0 0.00 88 O.CO

Black Enlisted Flyers

Number Number Rate Person- Rate Pýr 100O
Group .at Risk Dead (1) years Person-years

Ranch Hand 15 4 26.67 257 1.16Cl-C5 75 11 14.67 47"5 7.46
All CcmD 224 21 9.38 4759 4.40

Black Nonflying Enlisted Personnel

Number Number Rate Person- Rate Per 1000
Group at Risk Dead (•) years Person-years

Ranch Hand 53 2 3.77 1047 1.91
Cl-C5 260 14 5.38 5239 2.65
All Comp 1036 59 5.69 22739 2.59

Deaths occurring during the calendar years 1986 and 1987 are shown in
Tables 5 and 6. Corresponding tables for the years 1983, 1984 and 1985 are
shown in the Appendix.



T. 3LE 5

D3ethý Dur ng 1,86
3u•,•mary Counts and Rates by Rank,

C'ccupation and Group

Flying Officers

Au-mber Number Rate Person- Rate Per 1000Grocp at Risk Dead (2) years Person-years

2anch Hand 425 5 1.18 422 11.24C1-C5 2C59 4 0.19 2067 1.94All Ccmp 4974 21 0.42 4952 4.23

Enlisted Flyers

Number Number Rate Person- Rate Per 1000Group at Risk Dead (%) years Person-years

Ranch Hand 197 1 0.51 197 5.03
CI-C5 963 8 0.83 958 8.35All Ccmp 2659 18 0.68 2652 6.79

All Flyers

Number Number Rate Person- Rate Per 1000Group at Risk Dead (M) years Person-years

Ranch Hand 622 6 0.96 619 9.70
CI-C5 3032 12 0.40 3026 3.97All Comp 7633 39 0.51 7614 5.12

Nonflying Officers

Number Number Rate Person- Rate Per 1000Group at Rirk Dead (a) years Person-years

Ranch Hand 25 0 0.00 25 0.00
CI-Cs 121 0 0.00 121 0.00All Comp 277 2 0.72 276 7.24

8



TABLE 5 (Cont'd)

Ceaths During 1986

Sumary Counts and Rates by Rank,
Occupation and Group

Nonflying Enlisted Personnel

N~mber Number Rate Person- Rate Per 10O

Group at Risk Dead (%) years Person-years

Ranch Hand 555 3 0.54 553 5.42
CI-C5 2775 13 0.47 2770 4.69
All Comp 10306 35 0.34 10290 3.40

All Nonflyers

Number Number Rate Person- Rate Per 1000
Group at Risk Dead (%) years Person-years

Ranch Hand 580 3 0.52 578 E.19
Cl-C5 2897 13 0.45 2891 4.50
All Comp 10583 37 0.35 10565 3.50

All Personnel

Number Number Rate Person- Rate Per 1000
Group at Risk Dead (%) years Person-years

Ranch Hand 1202 9 0.75 1197 7.52
C1-C5 5929 25 0.42 5916 4.23
All Comp 18216 76 0.42 18130 4.18

TABLE 6

Deaths During 1987
Summary Counts and Rates by Rank,

Occupation and Group

Flying Officers

Number Number Rate Person- Rate Per 1000
Group at Risk Dead (I) years Person-years

Ranch Hand 420 4 0.95 419 9.54
Cl-C5 2065 10 0.48 2061 4.85
All Comp 4953 27 0.55 4940 5.47

I9



TBLE 6 (Cant'i)

Deaths During 1387
Summary Counts and Rates by Rank,

Occupation and Group

Tnlisted Flyers

Lu~rber Nu'mber Rate Person- Rate Per ICCO
Group at Risk Dead (") years Person-years

Ranch Hand 196 1 0.51 196 5.11
Cl-CS 955 3 0.31 954 3.15
All Camp 2541 10 0.38 2635 3.79

All Flyers

Number Number Rate Person- Rate Per 1000
Group at Risk Dead (I) yedrs Person-years

Ranch Hand 616 5 0.81 615 8.13
C1-C5 3020 13 0.43 3014 4.31
All Comp 7594 37 0.49 7576 4.88

Nonflying Officers

Number Number Rate Person- Rate Per 1000
Group at Risk Dead (%) years Person-years

Ranch Hand 25 0 0.00 25 0.00
CI-Cs .121 3 2.48 120 25.02
All Camp 275 4 1.45 273 14.65

Nonflying Enlisted Personnel

Number Number Rate Person- Rate Per 1000
Group at Risk Dead (%) years Person-years

Ranch Hand 552 1 0.18 551 1.81
CI-Cs 2763 14 0.51 2756 5.08
All Camp 10271 37 0.36 10254 3.61

All Nonflyers

Number Number Rate Person- Rate Per 1000
Group at Risk Dead (%) years Person-years

Ranch Hind 577 1 0.17 576 1.74
Cl-CS 2884 17 0.59 2876 5.91
All Camp 10546 41 3.39 10527 3.39

10



TABLE 6 (Cont'd)

Deaths During 1987
Summary Counts and Rates by Rank,

Occupation and Grcup

All Personnel

Niumber Number Rate Person- Rate Per 1000
Grcup at Risk Dead (%) years Person-years

Ranch Hand 1193 6 0.50 1191 5.04
Cl-C5 5ý04 30 0.51 5890 5.09
All Ccnmp 18140 73 0.43 18102 4.31

11



2. CI-CS VERSUS C6-CIU ANALYSES

During the analyses for the 1984 mortality update, Air Force statisticians
received a mortality database on the entire matched Compari son conort, consist-
ing at that time of 9902 records. In each matched set, the Comparisons included
in the previous mortality reports are referred to as the CI-C5 Comoarisons.
Ile eemaining matched Comparisons are called the C6-CI0 Ccmparisons. W4hen
,'anch Hand versus Comoarison analysis results changed after introducing the new
Comoarisons, it was found that the CI-CS Comparisons appeared statistically
different, with respect to their mortality experience, from the C5-C1O matched
Comparisons. The C1-C5 and C6-C10 Comparisons were contrasted via logrank tests
and Mantel-Haenszel relative risks using 5-year age stratification within levels
of rank and occupation. The results of those analyses, on data available for
the 1984 update (cumulative deaths up to 31 December 1983, verified as of 15
April 1984) are shown in Table 7. Throuqhout this report the abbreviation for
confidence interval is C I.

TABLE 7

Logrank Test Results Comparing Cl-CS with C6-Cl0 on
Cumulative Deaths Occurring on or Before 31 December 1983

and Verified as of 15 June 1984, Survival Measured from Birth

Logrank Mantel-Haenszel
Race Occupation Test P-value Relative Risk 95% C I P-value

Non- Pilots -1.60 0.11 0.72 (0.26,2.00) 0.52
black Navigators 0.47 0.63 1.21 (0.29,4.96) 0.79

Nonflying Officers
Enlisted Flyers -1.53 0.13 0.70 (0.24,2.02) 0.51
Nonflying Enlisted 2.15 0.03 1.55 (0.35,6.79) 0.56

Black Pilots
Navigators
Nonflying Officers
Enlisted Flyers 1.59 0.11 4.38 (0.36,52.96) 0.25
Nonflying Enlisted 0.45 0.65 1.24 (0.2G,5.02) 0.14

These results suggested that nonblack enlisted nonflying Comparisons in
the Cl-CS cohort were dying at a younger age than the corresponding nonblack
enlisted nonflying C6-C1O Comparisons. The relative risk for this group, while
elevated (RR-1.55), was not significantly different from unity. These analyses
suggest that the C1-C5 Comparison cohort was representative of the CI-C10
matched cohort in all but the nonblack enlisted nonflying stratum. In the non-
black enlisted nonflying stratum, the Cl-C5 mortality appeared worse than expected
relative to the C6-C10 mortality and so Ranch Hand mortality in the stratum
would appear more favorable than expected relative to their C1-C5 Comparisons.
Based on these data, Air Force Principal Investigators recommended the expansion
of the mortality study to the entire matched Comparison cohort. The Advisory
Committee concurred that expansion was appropriate but asked that the mortality
study include the entire Comparison population.
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A contrast of the C1-C5 and C.-CIO Comparison mortality using current data
ws also carried out. Summary counts, person-years and death rates are shnan
in Taule S. Analytical resul ts are shown in Table & with mortal ity measured from
oirtn and from tour start date.

TA3LE 8

Stratum-Specific Counts, Person-years and Death Rates
for CI-CS and C5-CIO Comparisons

Person-years Computed from Tour Start Date

Nonblack Pilots

Number Number Rate Person- Rate Per 1000
Group at Risk Dead (%) years Person-years

C1-C5 1749 101 5.77 35169 2.87
C5-Cl0 1175 92 7.83 23398 3.93

Nonblack Navigators

Number Number Rate Person- Rate Per 1000
Group at Risk Dead (W) years Person-years

Cl-C5 404 20 4.95 8184 2.44
CS-ClO 310 13 4.19 6354 2.05

Nonblack Nonflying Officers

Number Number Rate Person- Rate Per 1000
Group at Risk Dead (%) years Person-years

Cl-C5 122 6 4.92 2522 2.38
CS-C1O 43 1 2.33 897 1.11

Nonblack Enlisted Flyers

Number Number Rate Person- Rate Per 1000
Group at Rizk Dead (%) years Person-years

Cl-C5 960 72 7.50 19295 3.73
C6-C1O 723 72 9.96 14386 5.00

Nonblack Nonflying Enlisted Personnel

Number Number Rate Person- Rate Per 1000
Group at Risk Dead (%) years Person-years

CI-C5 2655 152 5.73 53828 2.82
C6-C10 1420 65 4.58 29264 2.22
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TA _•L£ E (C';n:•I

Stratum-Specific Counts, Person-years and Death Rates
17ur CI0-5 and C5-C!5 C soarisons

?arson-years Computed from Tour Start Date

31 ac&' P ilo t-s

'i; Ler 5er Rate ?erson- Rate ?er 1000
Group at ,qisk 0oad (•) years Persor-years

Ci-Cs 13 0 0.00 259 0.10
C5-010 1 0 0 CO 24 0.00

Black Navigators

Number NOmber Rate Person- Rate Per 1000
Group at Risk Dead (%) years Person-years

C1-C5 40 0 0.CO 219 0.00
C6-C10 9 0 0.00 197 0.00

Black Nonflying Officers

Number Number Rate Person- Rate Per 1000
Group at Risk Dead (%) years Person-years

C4-C5 2 0 0.00 39 0.00
C5-4O 0 0 0.00 0 0.00

Black Enlisted Flyers

Number Number Rate Person- Rate Per 1000
Group at Risk Dead (1) years Person-years

C1-C5 75 11 14.67 1475 7.46
C6-C10 56 2 3.57 1162 1.72

Black Nonflying Enlisted Personnel

Number Number Rate Person- Rate Per 1000
Group at Risk Dead (o) years Person-years

CI-CS 260 14 5.38 5289 2.55
C6-CIO 146 8 5.48 2933 2.73
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TA3L- 9

Lonrank Test Results Comparing CI-C5 with 6-CILO on
Cumulative Deaths Occurring on or Before 3i Dece•mber 1987

and 'erified as of 15 June 1988, Survival Measured from Birth
and from Four Start Data

Logrank Mantel -Haenszel

From 31rth From Tour Odds
A±ce Occupation Test P-value Test P-value Ratio 95% C I P-value

'Ion- Pilots -2.24 0.02 -2.11 0.04 0.71 (0.32,1.57) 0.40
black Navigators 0.48 0.63 0.55 0.58 1.17 (0.37,3.70) 0.78

Nonflying Officers 0.71 0.47 0.66 0.51 2.17 (0.25,18.5) 0.48
Enlisted Flyers -2.23 0.02 -2.12 0.03 0.71 (0.27,1.85) 0.49
Nonflying Enlisted 1.57 0.11 1.42 0.16 1.26 (0.14,11.5) 0.83

Black Pilots
N avitgators
Nonflying Officers
Enlisted Flyers 2.05 0.04 2.09 0.04 4.64 (0.98,21.8) 0.05
Nonflying Enlisted -0.13 0.90 -0.17 0.86 0.93 (0.23,3.77) 0.92

It is noted that the previously statistically significant contrast for
nonblack enlisted nonflying personnel is no longer significant although the C1-C5
to C6-CIO mortality odds ratio, 1.26, indicates a nonsignificant elevation
of risk of death in the Cl-C5 relative to the C6-C1O cohort in the nonblack
nonflyinq enlisted personnel stratum. Additionally, the previously nonsignifi-
cant difference between C1-C5 and C6-C10 nonblack pilots is now statistically
significant with logrank testinq, whether survival is measured from birth
(P=O.02) or from tour start date (P=0.04). Significant C1-C5 versus C6-C1O
logrank differences are also seen in nonblack and black enlisted flyers. When
only counts of death are considered, all rank and occupation-specific Cl-C5
versus C6-C10 Mantel-Haenszel contrasts are not statistically significant,
although the elevated Cl-CS versus C6-C10 odds ratio, 4.64, among black enlisted
flyers is borderline significant (P=0.05). The negative logrank tests and odas
rat!ios less than unity among nonblack pilots, nonblack enlisted flyers and black
nonflying enlisted personnel indicate that Cl-CS personnel in these categories
are living longer and dying in fewer numbers than their C6-C1O counterparts.
These results support the conclusicn that the Cl-C5 and C6-C1O mortality experi-
ences are not comparable.

Based on these results, the mortality determination was expanded to the
entire Comparison population.
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2. :AC HAND VE:<:SUS C.POiON Uc;cAU-SPECiIIC ,N ALYýSS

Survival contrasts were carried out oetqeen Ranch Hands and their CI-C3
matched Comparisons ana between kanch Hanas and the entire population of Com-
parisons. Each analysis iL presented with and without adjL'stment for the
cov~ria':es of rank (officer, enlisted), occupation (Flying, nonflying) and date
of birthi. All analyses are unadjusted for race due to tne small pr'eoortion of
51lcks. A su.-inary of the kinds of analyses carried out is siiown in Table 10.
Adjustments include date of birth (DOB), occupation (flying, nonflying), rank
(officer, enlisted) and tour start date (tour date). Unadjusted contrasts of
.Ranch Hand and CI-CS Comoarisons reflect partial adjustment due to the mat.,ning
of Cl-CS Comparisons to Ranch Pands on date of birth, rank, race and occupation.
Such adjustment, is simply indicated as "matching". Table 10 gives a summary of
these methods.

TABLE 10

Analytical Method Summary

Contrast Method Adjustments

RH vs Cl-C5 Two-sample survival curves Matching

Two-sample adjusted linear rank tests DOB, race, rank,
occupation,
su,-vival time

Two-sample adjusted SMR 008, rank,
occupation,
tour date,
survival time

Two-sample unadjusted odds ratio Matching

Two-sample adjusted odds ratio 008, rank,
occupation,
tour date

RH vs Two-sample survival curves None
All Comp

Two-sample adjusted linear rank tests D0B, rank,
occupation
survival time
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T-,LE 10 (Cont'd)

Analytical Method Sunmary

CLntrast Vethoa Adj us tments

•H vs T.o-sample adjusted SR D03, rank,
All Ccmp occupation.

tour date
survival time

Two-sample unadjusted odds ratio None

Two-sample adjusted odds ratio DOB, rank,
occupation,
tour date

One-sample unadjusted SMR Tour date
survival time

One-sample adjusted SMR with fixed DOB, rank,
Comparison death rates occupation,

tour date,
calendar time
survival time

The two-sample methods (linear rank tests, SMR [5] and odds ratio analyses)
treat the Ranch Hands and Comparisons as samples fron larger populations, even
though they are actually populations rather than random samples. The adjusted
S;;:R with fixed Comparison death rates [6] treats the Comparison population as
a population rather than as a sample from a larger hypothetical population.
This is the mnst appropriate method of analysis now that the entire Comparison
population is available for reference with Ranch Hand mortality. The two-sample
methods are repeated in the Ranch Hand versus All Comparison contrasts to ease
the transition between this and previous mortality updates.

The Ejigou-McHugh odds ratio analysis [7] has been dropped and replaced
by logistic regression because i' has been recently shown [8] that the Ejigou-
McHugh procedure may be viewed as a special case of conditional lcgistic
regression [9] and because conditional logistic regression has been shown to
yield the same results as logistic regression in these data. The Ejigou-McHugh
method accommodates the matched design but does not ntherwise adjust for the
matchiug variables 'race, rank, occupation and date of birth). Conditional
logistic regression may be viewed as a generalization of the Ejigou-McHugh
procedure in that it accommodates covariates and reduces to the Ejigou-McHuqh
procedure in matched designs with no additional covarlates and when there is
no mortal ity-by-covariate-by-group (Ranch Hand, Comparison) interaction.
Additionally, conditional logistic regression allows the investigation of
interactions whereas the Ejigou-McHugh procedure does not.
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In a:tt2,-~t 4as mo t c lo rC2te lini er r -. rcc±ures wi 7 n c i ar a:

:C jiS td c o n tra s ts v ial :,1 e rro !x r cz or.31 h az ar :s no C .2 , IO l. C n i - .qu a r -2. s ts" : f i t -! i ] a n d ,i s s o c i a t e d a i 3 ,; n o s t i c b l oos ' e , i e d t o I s s e s s .1 0 c e , i '1

.z~u~mtions associatea with the proportional hazarrs ad iysis. An applicia.ion
;1 t.na fully adjusted mocel to the R _nch Hand versus C1-C5 .Jata failed because
,,e data of birth covariate did not satisfy the proportio' ,31 hararis assu , ,,rion.

T:he rel evant diagnostic plot is shown in t •ip Arp e.dix. The 'roportic al hazards
3zsumption does nold, 0o,.ever, for group (Ranc.1 I;nd, Comoar-izcn), ,wi`h or
4ii--.out adjuster~nt for data of birth, hence the calc ,.latad logri x tests are
a.,ropriace sum~mry statistics since they adjust for date of birt*i, r r.nk and
;czupatlon via stratification.

S:;rvival curves were calcuiated and plotted in Figures 1 through 10. In
tn;ese piots, the Ranch Hand curve is a power of the respective Cimparison curve,

the power being the odds ratio estimated via application of the rne'Lhod cf
maximum likelihood from the proportional hazards -model. Figures 1 tnrough 5
snow adjusted Ranch Hand and Cl-C5 Comparison survival curves of the total
cohort and in each of the four marginal strata: officers, enlisted, flying
personnel and nonflying personnel. Figures 6 through 10 show the corresponding
plots for Ranch Hands versus all Comparisons. In every plot, survival is
measured from the start of the qualifying tour so the ordinate is interpreted
as the proportion surviving since start of tour. The corresponding plots for
survival measured from birth rather than from tour start date are shown in the
Appendix. Also shown in the Appendix are norparairetric (Kaplan-Meier) plots
[12] with survival measured from tour start date and from date of birth.

Figure I

Survival Curve Estimates
All Ranch Hands and CI-C5 Comparisons
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Survival Curve Es~insates
Rajch Hand and Cl-C5 Comparison Officers
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Figure 3

Survival Curve Estimates
Ranch Hand and Cl-CS Comparison Enlisted Personnel
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J .i ]ure

Sorviv'al Curve ,.a
SRlanch Hand and CI-C5 Czn~ariscn Flyers

Survival from Start of Tour
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Figure 5

Survival Curve Estimates
Ranch Hands and CI-C5 Compdrison 11onflyers

Survival from Start of Tour
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Fi,ýure 6

Survival Curve s•tmanes
All Ranch Hanos and All Comparisons

Survival from Start of Tour
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Figure 7

Survival Curve Estimates
Ranch Hand and All Comparison Officers

Survival from Start of Tour
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Fi~iure3

Sur-vival Curve Esti-lates Pesnl

lanch Hand and All Co~nuarisofl -rnljited resffe

Survival frcrn3 Start of Tour
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Figure 9

Survival Curve Estimates
Ranch Hand and All Comparisonl Flyers
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Figure 1U

Survival Curve Estimates
Ranch Hand and All Comparison Nonflyers
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The survival curves are so close together in Figures 1 through 4 and 7
and 9 that there appears to be only a single curve in each of these fiures.
This occurred because the Ranch Hand curve is the Comparison curve raised to
the Ranch Hand versus CI-CS odds ratio power and these odds rstios are nearly
equal to unity. In general, the Ranch Hand and Cl-CS Comparison curves are
closer together than the Ranch Hand and all Comparison curves because matching
provides better adjustment than stratification.
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The linear ranK procedures (logrank and 1Wilcoxon tests) contrasting Ranch
Hand with CI-C5 mortality and all Compariscn mortality are shown in Table 11
With survival medsurea from tour start date. ThE corresponding results for
survival measured from date of birth are shown in Table 12.

TABLE 11

Logrank and Wilcoxon Tests Contrasting
Ranch Hand and Comparison Mortality with
Survival Measured from Tour Start Date

C1-C5 Comparison All Comparison

Logrank Wilcoxon Logrank Wilcoxon
Group Test P-value Test P-value Test P-value Test P-value

Officer 0.31 0.75 0.26 0.80 0.21 0.83 0.16 0.87
Enlisted 0.07 0.94 0.11 0.91 0.89 0.37 0.96 0.34
Flying -0.34 0.74 -0.40 0.69 -0.48 0.63 -0.52 0.60
Nonflying 0.68 0.49 0.74 0.46 1.73 0.08 1.79 0.07

All 0.29 0.83 0.22 0.83 0.73 0.47 0.74 0.46

TABLE 12

Logrank and Wilcoxon Tests Contrasting
Ranch'Hand and Comparison Mortality with

Survival Measured from Date of Birth

Cl-C5 Comparison All Comparison

Logrank Wilcoxon Logrank Wilcoxon
Group Test P-value Test P-value Test P-value Test P-value

Officer 0.00 1.00 -0.02 0.99 -0.35 0.73 -0.37 0.71
Enlisted -0.26 0.79 -0.25 0.80 0.22 0.83 0.26 0.80
Flying -0.66 0.51 -0.70 0.48 -1.03 0.28 -1.12 0.26
Nonflying 0.34 0.74 0.37 0.71 1.09 0.28 1.13 0.26

All -0.21 0.83 -0.22 0.82 -0.18 0.85 -0.18 0.86

Table 11 suggests that nonflying personnel in the Ranch Hand group are
dying sooner than their matched Comparisons (logrank a 0.68) when survival is
measured from tour start date, but that the difference is not statistically
significant (P-0.49). The same contrast for Ranch Hands versus all Comparisons
is borderline significant (logrank - 1.73, P-0.08). The negative values of
the logrank and Wilcoxon statistics for flyers in Table 11 indicate that Ranch
Hands in this stratum are living longer than the Comparisons, but this is
easily attributed to chance (P-0.74). The corresponding results in Table 12,
for survival measured from date of birth, are generally nonsignificant with
some reversals relative to Table 9. The results in Table 11 are more appro-
priate than those in Table 12, however. Table 12 is shown only for comparison
with previous updates.
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Unadjusted odds ratio estimates, confidence intervals and P-values, con-
trasting Ranch Hand and Cl-C5 Comparison mortality overall and within each of
:he four marginal strata, are shown in Table 13. The corresponding results for
.Nanch Hand versus all Comparisons are shown in Table 14. The unadjusted odds
ratio estimate for the Ranch Hand versus all Comparison contrast was carried
out via the two-sample odds ratio estimate and also via the one-sample approach

] treating the Comparison population as fixed, in which the odds ratio is the
Sz:R, t16e ratio of the observed to the expected number of deaths.

TABLE 13

Unadjusted Odds Ratio Estimates Contrasting
Ranch Hand with C1-C5 Mortality

Odds
Stratum Ratio 95% C I P-value

Officer 1.01 (0.65, 1.56) 0.97
Enlisted 0.96 (0.69, 1.32) 0.78
Flying 0.89 (0.62, 1.28) 0.54
Nonflying 1.07 (0.74, 1.54) 0.71

All 0.97 (0.75, 1.26) 0.84

TABLE 14

Unadjusted Odds Ratio Estimates Contrasting
Ranch Hand and Ail Comparison Mortality,

with Person-years Computed from Tour Start Date

Two-sample Procedure One-sample Procedure

Odds
Stratum Ratio 95% C I P-value Obs Exp SMR P-value

Officer 0.92 (0.61, 1.38) 0.68 26 26.5 0.98 0.92
Enlisted 1.r7 (0.87, 1.59) 0.30 48 38.4 1.24 0.12
Flying 0.88 (0.62, 1.24) 0.46 37 39.2 0.94 0.72
Nonflying 1.30 (0.92, 1.84) 0.13 37 25.8 1.43 0.03

All 1.08 (0.85, 1.38) 0.52 74 62.7 1.18 0.15

Table 13 demonstrates a near equivalence of Ranch Hand and Cl-CS mortality
without adjustment for covariates. The corresponding results in Table 14 are
very similar with the exception that the Ranch Hand nonflying personnel are
experiencing significantly more deaths than nonflyinq personnel in the Compar-
ison population (SMR=1.43, P=0.03) in the unadjusted one-sample analysis.
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:n the corresponding adjusted two-sample analyses, odds ratios were
.:eter-ined by stepwise logistic regression with group (Ranch Hand, Comparison),
jaze of Dirth, rank (officer, enlisted), occupation (flying, nonflying), tour
start date and all pairwise products in the model. Each adjusted analysis was
carried out with date of birth and tour start date entered as continuous vari-
ioles and again with date of birth and tour date dichotomized as prior to or
after 1 January 1935 and 1 October 1966. The cut point for date of birth was
chosen to allow investigation of interactions discoqered in the 1984 update;
te cutooint for tour start date is the median tour date in the combined Ranch
:and and Comparisen database. Adjusted two-sample contrasts of Ranch Hand and
C1-CS nortality are summarized in Table 15. The corresponding summary of the
two-sample Ranch Hand and all Comparison mortality is shown in Table 16.

TABLE 15

Adjusted Two-sample Odds Ratio Estimates Contrasting
Ranch Hand with C1-C5 Mortality

Dichotomized Date of Birth and Tour Start Dates

Odds Covariates and
Ratio 95% C I P-value Interactions (P-value)

1.00 (0.88, 1.14) 0.93 Rank (P<O.01)
Occupation (0.34)
Tour start (P<O.O1)
Date of birth (P<O.O1)
Occ by DOB (P<O.01)

Continuous Date of Birth and Tour Start Dates

1.00 (0.87, 1.14) 0.96 Rank (P<O.O1)
Tour start (0.12)
Date of birth (P<O.O1)

Date of birth and tour start date are uncorrelated in these data
(r-square - 0.0016), a fortunate circumstance that precludes concern about
multicollinearity. The lack of correlation is most likely due to the rapid
turnover of personnel during the war.
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I
TABLE 16

Adjusted Two-sample Odds Ratio Estimates Contrasting

Ranch Hands with All Comparisons

Dichotomized Date of Birth and Tour Start Dates

Odds Covariates and
Ratio 95% C I P-value Interactions (P-value)

Rank (P<0.O1)

Occupation (0.01)
Tour start (0.37)
Date of birth (P<0.01)
Group by tour (0.01)
Rank by tour (0.14)
Occ by tour (P<0.01)
Occ by DOB (P<O.01)
Tour by DOB (P<0.01)

Continuous Date of Birth and Tour Start Dates

1.00 (0.88, 1.13) 0.96 Rank (P<0.01)
Occupation (0.01)
Tour start (0.17)
Date of birth (P<0.01)
Tour by DOB (0.03)

The group by tour by survival interaction in the discrete analysis is due
to the change in the qroup by survival odds ratio with tour date (early, late).
The presence of an interaction involving group (Ranch Hand, Comparison)
precluded the specification of an odds ratio, confidence interval and P-values;
these statistics are replaced hy asterisks in Table 16. For veterans with early
tours, the Mantel-Haenszel adjusted group by survival odds ratio is 1.10 and
For late tours the adjusted odds ratio is 0.93. It is notable that the same
interaction is not significant in the continuous analysis. This suqgests that
the just described interaction is spurious. In particular, if tour date is
trichotomized to early, middle and late tours, the corresponding Mantel-Haenszel
adjusted group by survival odds ratios are 0.90 for early tours, 1.23 for middle
tours and 0.84 for late tours. This interiction remains unexplained at this
time.

The two-sample [5] internally adjusted SMR analysis compares the mortality
of two groups with adjustment for year of birth. These analyses are carried out
as in previous updates, within each of the four rank and occupational strata as
well as on the whole group. Survival is measured from tour start date in these
analyses. The corresponding analyses with survival measured from birth are
shown in the Appendix. Tables 17 through 21 show the two-sample SMR analyser
for Ranch Hand versus C1-C5 mortality and Tables 22 through 26 show the corre-
sponding analyses for Ranch Hand versus all Comparison mortality contrasts.
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TA3LE 17

Tho-sam'ole Standardized '.Iortality RatiosRancn Hand and C1-C5 Comparison Officers
Survival from Start of Tour

S.,IR= 1.03 (P- 0.87)

Ranch Hand CI-CS Comparison
3irth Number Number Person- Rate Per Number Nu•r, r Person- Rate PerYear At Risk Dead years 1000 P Y At Risk Dead years 1000 P Y

1905-1919 9 3 152 19.76 44 8 868 9.211920-1924 32 2 651 3.07 160 21 3217 6.531925-1929 43 3 867 3.46 289 22 5909 3.721930-1934 151 8 3108 2.57 645 39 13401 2.911935-1939 96 4 1969 2.03 467 20 9822 2.041940-1944 91 4 1725 2.32 505 12 9813 1.221945-1954 45 2 777 2.57 190 5 3373 1.48
Total 467 26 9248 2.81 2300 127 46403 2.74

TABLE 18

Two-sample Standardized Mortality Ratios
Ranch Hand and Cl-C5 Comparison Enlisted Personnel

Survival from Start of Tour

SMR- 0.9: (P- 0.93)

Ranch Hand C1-C5 Comparison
Birth Number Number Person- Rate Per Number Number Person- Rate PerYear At Risk Dead years 1000 P Y At Risk Dead years 1000 P Y

1905-1914 4 2 77 26.00 12 4 278 14.411915-1919 9 2 185 10.80 53 14 1108 12.641920-1924 16 3 333 9.01 80 18 1677 10.731925-1929 41 4 851 4.70 215 35 4448 7.87IS ,-1934 154 17 3030 5.61 755 70 15709 4.461935-1939 117 5 2368 2.11 577 35 11992 2.921940-1944 121 4 2486 1.61 616 24 12676 1.891945-1954 332 11 6386 1.72 1642 49 32002 1.53

Total 794 48 15716 3.05 3950 249 79888 3.12
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TABLE 19

Two-sample Standardized ';ortality Ratios
Ranch Hand and CI-C5 Comparison Flyers

Survival from Start of Tour

SM!R= 0.92 (P= 0.63)

Ranch Hand Cl-CS Comparison

Birth Number Number Perscn- Rate Per Number Number Person- Rate Per
Year At Risk Dead years 1000 P Y At Risk Dead years 1000 P Y

1915-1919 9 4 136 29.34 45 10 865 11.56
1920-1924 35 2 720 2.78 175 25 3512 7.12
1925-1929 53 3 1079 2.78 353 29 7237 4.01
1930-1934 219 15 4435 3.38 972 71 19980 3.55
1935-1939 146 6 2954 2.03 712 36 14737 2.44
1940-1944 122 5 2380 2.10 668 23 13068 1.76
1945-1954 64 2 1144 1.75 286 10 5213 1.92

Total 648 37 12848 2.88 3211 204 64612 3.16

TABLE 20

Two-sample Standardized Mortality Ratios
Ranch Hand and Cl-C5 Comparison Nonflyers

Survival from Start of Tour

SMR- 1.09 (P- 0.63)

Ranch Hand CI-CS Ccoiparison

Birth Number Number Person- Rate Per Number Number Person- Rate Per
Year At Risk Dead years 1000 P Y At Risk Dead years 1000 P Y

1905-1914 5 2 99 20.27 14 5 325 15.38
1915-1919 8 1 179 5.59 50 11 1064 10.34
1920-1924 13 3 264 11.36 65 14 1382 10.13
1925-1929 31 4 639 6.26 151 28 3120 8.98
1930-1934 86 10 1703 5.87 428 38 9129 4.16
1935-1939 67 3 1383 2.17 332 19. 7076 2.68
1940-1944 90 3 1831 1.64 453 13 9421 1.38
1945-1954 313 11 6019 1.83 1546 44 30162 1.46

Total 613 37 12116 3.05 3039 172 61679 2.79

29



TASLE 21

Two-sample Standardized Nortality Ratios
All Ranch Hand and CI-C5 Comparison

Survival from Start of Tour

S1!R= 1.00 (P= 0.99)

Ranch Hand Cl-C5 Comarison

3irth Number Number Person- Rate Per Number Number Person- Rate P-r
Year At Risk Dead years 1000 P Y At Risk Dead years ICO P Y

1905-1914 5 2 99 20.27 14 5 325 15.38
165-919 17 5 315 15.86 95 21 1929 10.89
IS20-1924 48 5 984 5.08 240 39 4894 7.97

1925-1929 84 7 1718 4.08 504 57 10357 5.50
1930-1934 305 25 6138 4.07 1400 109 29110 3.74

1935-1939 213 9 4337 2.08 1044 55 21814 2.52
1940-1941 212 8 4211 1.90 1121 36 22489 1.60
1945-1954 377 13 7163 1.81 1832 54 35375 1.53

Totai 1261 74 24964 2.96 625G 376 126291 2.98

TABLE 22

Two-sample Standardized Mortality Ratios
All Ranch Hand and All Comparison Officers

Survival from Start of Tour

SMR- 1.01 (P- 0.96)

Ranch Hand Cl-CS Comparison

Birth Number Number Person- Rate Per Number Number Person- Rate Per
Year At Risk Dead years 1000 P Y At Risk Dead years 1000 P Y

1905-1919 9 3 152 19.76 148 31 3095 10.02
1920-1924 32 2 651 3.07 573 76 12464 6.10
1925-1929 43 3 867 3.46 512 53 10469 5.06
1930-1934 151 8 3108 2.57 1221 73 25731 2.84
1935-1939 96 4 1969 2.03 1121 44 24354 1.81
1940-1944 91 4 1725 2.32 1563 47 32990 1.42
1945-1954 45 2 777 2.57 393 10 7386 1.35

Tntal 467 26 9248 2.81 5531 334 116489 2.87
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TABLE 23

Two-sample Standardized Mortality Ratios
All Ranch Hand and All Comparison Enlisted

Survival from Start of Tour

SMR= 1.11 (P= 0.48)

Ranch Hand Cl-CS Ccmparison

3irth Number Number Person- Rate Per Number Number Person- Rate Per
Year At Risk Dead years 1000 P Y At Risk Dead years 1000 P Y

1905-1914 4 2 77 26.00 18 8 413 19.37
1915-1919 9 2 185 10.80 105 34 2167 15.69
1920-1924 16 3 333 9.01 274 61 5820 10.48
1925-1929 41 4 851 4.70 667 97 14196 6.83
1930-1934 154 17 3030 5.61 1921 168 41450 4.05
1935-1939 117 5 2368 2.11 1701 101 37164 2.72
1940-1944 121 4 2486 1.61 2425 70 53911 1.30
1945-1954 332 11 6386 1.72 6469 166 142115 1.17

Total 794 48 15716 3.05 13570 705 297237 2.37

TABLE 24

Two-sample Standardized Mortality Ratios
All Ranch Hand and All Comparison Flyers

Survival from Start of Tour

SMR- 0.90 (P- 0.54)

Ranch Hand Cl-C5 Comparison

Birth Number Number Person- Rate Per Number Number Person- Rate.Per
Year At Risk Dead years 1000 P Y At Risk Dead years 1000 P Y

1905-1919 9 4 136 29.34 140 35 2867 12.21
1920-1924 35 2 720 2.78 576 85 12361 5.88
1925-1929 53 3 1079 2.78 669 75 13799 5.44
1930-1934 219 15 4435 3.38 1790 136 37196 3.66
1935-1939 146 6 2954 2.03 1630 78 34818 2.24
1940-1944 122 5 2380 2.10 1928 70 40462 1.73
1945-1954 64 2 1144 1.75 1345 42 29094 1.44

Total 648 37 12848 2.88 8078 521 170596 3.05
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TABLE 25

Two-samole Standardi;.ed Mortality Ratios
All Ranch Hand and Comparison ;;onflyers

Survival from Start of Tour

SMNR= 1.28 (P= 0.15)

Ranch Hand Cl-CS Comparison

3irth Number Number Person- nate Per Pumber Number Person- Rate Per
e'er At Risk Dead years 1000 P Y At Risk Dead years 1000 P Y

105-1914 5 2 99 20.27 18 8 414 19.33
1915-1919 8 1 179 5.59 113 30 2394 12.53
1920-1924 13 3 264 11.36 271 52 5923 8.78
1925-1929 31 4 639 6.26 500 75 10867 6.90
1930-1934 86 10 1703 5.87 1352 105 29985 3.50
1935-1939 67 3 1383 2.17 1192 67 26701 2.51
1940-1944 90 3 1831 1.64 2060 47 46440 1.01
1945-1954 313 11 6019 1.83 5517 134 120406 1.11

Total 613 37 12116 3.05 11023 518 243130 2.13

TABLE 26

Two-sample Standardized Mertality Ratios
All Ranch Hand and All Comparison

Survival from Start of Tour

SMR- 1.06 (P- 0.63)

Ranch Hand Cl-CS Comparison

Birth Number Number Person- Rate Per Number Number Person- Rate Per
Year At Risk Dead years 1000 P Y At Risk Dead years 1000 P Y

1905-1914. 5 2 99 20.27 22 9 512 17.59
1915-1919 17 5 315 15.86 249 64 5163 12.39
1920-1924 48 5 984 5.08 847 137 18284 7.49
1925-1929 84 7 1718 4.08 1169 150 24666 6.08
1930-1934 305 25 6138 4.07 3142 241 67181 3.59
1935-1939 213 9 4337 2.08 2322 145 61519 2.36
1940-1944 212 8 4211 1.90 3988 117 86902 1.35
1945-1954 377 13 7163 1.81 6862 176 149500 1.18

Total 1261 74 24964 2.96 19101 1039 413726 2.51
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Adjusted one-sample analyses, summarized in Fable 27, assess Ranch Hand
kiortality relative to 2i1 Coiparison death rates in 5 year age and calendar time
strata within each of the four ran', and occupational strata (officer, enlisted,
flying, nonflying) and over the entire Ranch Hand cohort with adjustmert for
rank and occupation.

TABLE 27

Adjusted One-sample Ranch Hand Contrasts with
All Comparisons

Officers

S,1R=0.95, 95% C I : (0.59,1.32), P=0.79
Adjusted

Number Person- Number Expected
Birth Year At Risk years Pead Deaths

1910-1914 1 22 0 0.22
1915-1919 8 130 3 1.26
1920-1924 32 651 2 4.79
1925-1929 43 867 3 3.92
1930-1934 151 3108 8 9.83
1935-1939 96 1969 4 3.81
1940-1944 91 1725 4 2.53
1945-1949 45 777 2 1.01

Total 467 9249 26 27.37

Enlisted

SMR-1.05 95% C I : (0.75,1.35), P-0.73
Adjusted

Number Person- Number Expected
Birth Year At Risk years Deac Deaths

1910-1914 4 77 2 1.60
1915-1919 9 185 2 2.94
1920-1924 16 333 3 3.80
1925-1929 41 851 4 5.69
1930-1934 154 3030 17
1935-1939 117 2368 5 7.16
1940-1944 121 2486 4 4.05
1945-1949 321 6188 11 7.77
1950-1954 11 197 0 0.24

Total 794 15715 48 45.63
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<,-Justad One-sample Ranch Hand Contrasts with
All Comparison

Flyers

,R. 951 C I (0.58,1.13), P=0.35

Q usted
Number Person- Number Excec:ed

Birth Year At Risk years Dead Deaths

I915-1919 9 136 4 1.63
1920-1924 35 720 2 5.99
1925-1929 53 IC79 3 5.•3
1930-1934 219 4435 15 15.63
1935-1939 146 2954 6 7.04
1940-1944 122 2379 5 4.17
1945-1949 64 1144 2 1.90

Total 648 12847 37 43.19

Nonflyers

SMR=1.23, 95% C I : (C.83,1.63), P=0.21

Adjusted

Number Person- Number Expected
Birth Year At Risk years Detid Deaths

1910-1914 5 99 - 1.36
1915-1919 8 179 1 2.33
1920-1924 13 2F. 3 2.63
1925-1929 31 63n 1 3.72
1930-1934 86 1.03 10 3.66
1935-193) 67 1383 3 3.37
1940-1944 90 1331 3 2.65
1945-1919 302 5822 11 6.64
1950-1954 11 197 0 0.24

Total 613 12117 37 30.11
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'A3LE 27 (Ccnt'd)

Adjusted One-sample Ranch Hand Contrasts with
All Comparison

All Ranch Hands

3 .0iR=1.O, 95' C I : (0.80, 1.26), P-G.95

Adjusted
Number Person- Number Expected

Birth Year At Risk years Dead Deaths

1905-1914 5 99 2 1.24
1915-1919 17 315 5 3.79
1920-1924 48 984 5 8.88
1925-1929 84 1718 7 9.60
1930-1934 305 6133 25 Z3.46
1935-1939 213 4337 9 11.09
1940-1944 212 4211 8 6.47
1945-1949 366 6966 13 8.80
1950-1954 11 197 0 0.24

Total 1261 24965 74 73.57

In the analysis on all Ranch Hands, summarized in the last panel of Table
27, there was no survival by rank by occupation interaction (P-0.48) and the
Ranch Hand versus all Comparison mortality contrast did not vary significantly
with rank (P=0.53) or occupation (P-0.12).

The previous one and two sample adjusted contrasts (Tables 15 through 27),
although fully adjusted for rank, occupation and year of birth, may not detect
very recent trends. For example, inspection of Tables 5 and 6 and Appendix
Tables 1, 2 and 3 suggests that Ranch Hand flyers are experiencing unusually
high death rates relative to all Comparisons during 1986 and 1987. Therefore,
chi-square tests for trend [6) were applied to all strata and all Ranch Hands
tc assess the presence of post-1983 trends in the SMR. These analyses were
carried out twice, first with each of the years 1983 through 1987 separately
contributing to the statistic and again with 1983 through 1985 collapsed to a
single stratum and 1986 and 1987 collapsed to a second stratum. The second
analysis with two strata was carried out after noting the increased SMR in
flyers during 1986 and 1987. Table 28 shows the results for Ranch Hands versus
Cl-C5 Comparisons and Table 29 shows the results for Ranch Hands contrasted
with all Comparisons. All of these analyses are conditioned on survival to
1 January 1983 and, due to data sparseness, are not adjusted for date of birth.
The tests are two-tailed and will therefore detect upward or downward trends
in the SMR. Test results for detecting upward trends in the SMR may be derived
from these results by dividing the P-value by 2 when the data indicate an
increasing trend and replacing the P-value by 1.00 when the data indicate a
decreasing trend. These data were not assessed relative to the Air Force
exposure index due to sparseness.
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iT3LZE 28

Ranch Hand 'Iortility
Five Year Trend Analysis vs Cl-C5 Comparison

Flying Officers

C:Mi-square (single year)-3.74 P-O.05
Chi-square (83-85,86-87)-7.54 P=O.01

Number Rate Per 10CO Expected
Year Dead Person Years Deaths SMR

1983 0 0.00 0.61 O.CO
1984 1 2.35 1.43 0.70
1985 1 2.35 2.05 0.49
1986 5 11.84 0.82 6.12
1987 4 9.54 2.03 1.97

Enlisted Flyers

Chi-square (single year)-0.34 P-0.56
Chi-square (83-85,86-87)-0.14 P-0.71

Number Rate Per 1000 Expected
Year Dead Person Years Deaths SMR

1983 1 5.03 1.22 0.82
1984 0 0.00 1.22 0.00
1985 1 5.07 0.82 1.22
1986 1 5.08 1.64 0.61
1987 1 5.11 0.62 1.62

All Flyers

Chi-square (single year)-4.62 P-0.03
Chi-square (83-85,86-87)-6.50 P-0.01

Number Rate Per 1000 Expected
Year Dead Person Years Deaths SMR

1983 1 1.60 1.84 0.54
1984 1 1.60 2.66 0.38
1985 2 3.21 2.87 0.70
1986 6 9.70 2.45 2.44
1987 5 8.13 2.65 1.89
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TABLE 283 (Cont'a)

Ranch Hand ;.lortality
Five Year Trend Analysis vs C0-C5 Comparison

Nonflying Officers

Number Rate Per 1000 Expected
Year Dead Person Years Deaths SMR

1983 0 0.00 0.00 0.00
1984 0 0.00 0.00 0.00
1985 0 0.00 0.00 0.00
1986 0 0.00 0.00 0.00
1987 0 0.00 0.63 0.00

Nonflying Enlisted Personnel

Chi-square (single year)=0.26 P=0.61
Chi-square (83-85,86-87)=0.01 P=0.92

Number Rate Per 1000 Expected
Year Dead Person Years Deaths SMR

1983 2 3.58 1.20 1.67
1984 0 0.00 1.79 0.00
1985 2 3.59 2.80 -0.71
1986 3 5.42 2.60 1.15
1987 1 1.81 2.80 0.36

All Nonflyers

Chi-square (single year)=0.46 P=0.50
Chi-square (83-85,86-87)=0.00 P=0.96

Number Rate Per 1000 Expected
Year Dead Person Years Deaths SMR

1983 2 3.43 1.20 1.67
1984 0 0.00 1.80 0.00
1985 2 3.44 2.81 0.71
1986 3 5.19 2.60 1.15
1987 1 1.74 3.41 0.29
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IA8LE 28 (Cont d)

Ranch Hand Mortality
Five Year Trend Analysis vs CI-C5 Ccmparison

All Officers

Chi-square (single year)=2.44 P=0.12
Chi-square (83-85,86-37)=5.73 P-0O02

Number Rate Per 1000 Expected
Year Dead Person Years Deaths SMR

1983 0 0.00 0.61 0.00
1984 1 2.22 1.43 0.70
1985 1 2.22 2.05 0.49
1986 5 11.18 0.82 6.12
1987 4 9.01 2.65 1.51

All Enlisted Personnel

Chi-square (single year)sO.01 P=0.94
Chi-square (83-85,86-87)=0.08 P=0.77

Number Rate Per 1000 Expected
Year Dead Person Years Deaths SMR

1983 3 3.96 2.40 1.25
1984 0 0.00 3.01 0.00
1985 3 3.98 3.62 0.83
1986 4 5.33 4.23 0.95
1987 2 2.68 3.42 0.58

All Personnel

Chi-square (single year)=1.41 P=0.24
Chi-square (83-85,86-87)=3.48 P=O.06

Number Rate Per 1000 Expected
Year Dead Person Years Deaths SMR

1983 3 2.48 3.03 0.99
1984 1 0.83 4.44 0.22
1985 4 3.32 5.67 0.71
1986 9 7.52 5.06 1.78
1987 6 5.04 6.07 0.99
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TABLE 29

Ranch Hand M-ortality
Five Year Trend Analysis vs All Comparison

Flying Officers

Chi-square (single year)=4.89 P=0.03
Chi-square (83-85,86-87)-6.10 P=0.01

Number Rate Per 1000 Expected
Year Dead Person Years Deaths SMR

1983 0 O.C3 1.87 0.00
1984 1 2.35 1.70 0.59
1985 1 2.35 1.45 0.69
1986 5 11.84 1.79 2.80
1987 4 9.54 2.29 1.75

Enlisted Flyers

Chi-square (single year)=O.16 P=0.69
Chi-square (83-85,86-87)-0.09 P-0.76

NL11er R~ate Per 1000 Expected
Year Dead Person Years Deaths S?4R

1983 1 5.03 1.03 0.97
1984 0 0.00 0.89 0.00
1985 1 5.07 0.89 1.13
1986 1 5.08 1.34 0.75
1987 1 5.11 0.74 1.35

All Flyers

Chi-square (single year)=4.75 P=0.03
Chi-square (83-85,86-87)=5.27 P=0.02

Number Rate Per 1000 Expected
Year Dead Persnn Years Deaths SMR

1983 1 1.60 2.92 0.34
1984 1 1.60 2.60 0.38
1985 2 3.21 2.36 0.85
1986 6 9.70. 3.17 1.89
1987 5 8.13 3. 00 1.67
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TABLE 29 (Conz'd)

Ranch Hand Mortality
Five Year Trend Analysis vs All Comparison

Nonflying Officers

Number Rate Per 1000 Expected
Year Dead Person Years Deaths SMR

1983 0 0.00 0.00 0.00
1984 0 0.00 0.09 0.001985 0 0.00 0.09 0.00
1986 0 0.00 0.18 0.00
1987 0 0.00 0.37 0.00

Nonflying Enlisted Personnel

Chi-square (single year)-0.01 P=0.93
Chi-square (83-85,86-87)-0.21 P=0.65

Number Rate Per 1000 Expected
Year Dead Person Years Deaths S,*IR

1983 2 3.58 1.24 ili2
1984 0 0.00 1.88 0.001985 2 3.59 2.21 0.90
1986 3 5.42 1.88 1.59
1987 1 1.81 1.99 0.50

All Nonflyers

Chi-square (single year)=0.03 P=0.86
Chi-square (83-85,86-87)-O.13 P-0.71

Numbzr Rate Per 1000 Expected
Year Dead Person Years Deaths SMR

1083 2 3.43 1.26 1.591984 0 0.00 1.97 0.00
1985 2 3.44 2.30 0.87
1986 3 5.19 2.03 1.48
1987 1 1.74 2.24 0.45
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TABLE 29 (Cont'd)

Ranch Hand Mortality
Five Year Trend Analysis vs All Comparison

All Officers

Chi-square (single year)=4.22 P=O.04
Chi-square (83-85,86-87)-5.38 P=O.02

Number Rate Per 1000 Expected
Year Dead Person Years Deaths SMR

1983 0 O.CO 1.88 0.00
1984 1 2.22 1.79 0.56
1985 1 2.22 1.54 0.65
i986 5 11.18 1.96 2.55
1987 4 9.01 2.64 1.51

All Enlisted Personnel

Chi-square (single year)=0.02 P-0.89
Chi-square (83-85,86-87)=0.30 P=0.58

Number Rate Per 1000 Expected
Year Dead Person Years Deaths SMR

1983 3 3.96 2.14 1.40
1984 0 0.00 2.72 0.00
1985 3 3.98 3.08 0.97
1986 4 5.33 3.07 1.30
1987 2 2.68 2.72 0.73

All Personnel

Chi-square (single year)=2.70 P=0.10
Chi-square (83-85,86-87)=4.31 P=0.04

Number Rate Per 1000 Expected
Year Dead Person Yea;'s Deaths SMR

1983 3 2.48 .. 88 0.77
1984 1 0.83 4.48 0.221985 4 3.32 4.68 0.85

1986 9 7.52 5.01 1.80
1987 6 5.04 5.13 1.17
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In the Ranch Hana versus all Comparison trend analyses (Table 29), tne
increased SHR's specific to the calendar years '826 and 1987 for flyers shown
in Tables 5 and 6 are seen to produce an increasing trend from 193 throunh
1987, with the respective S4R's being 0.24, 0.38, 0.85, 1.89, and 1.67. This
trend is statistically significant (two tailed P=0.03, one tailed P=0.015)
and is due to unusually low Ranch Hand death rates prior to 1986 and elevated
Ranch Hand rates during 1986 ana 1987. Inspection of Table 29 suggests that
tha trend within the flyers is due to an increasing trend in the SM'R within
the flying officer stratum, with no trend apparent within the enlisted flyer
stratum. No trends are apparent or are detected in the nonflying or enlisted
strata. The significant increasing trends in the officer stratum (two tjiled
P-0.04, one tailed P-O.02) and all personnel (two tailed P=0.04, one tailed
P-O.02) is due to the trend within the flying officer stratum. The significant
trend seen in the last panel of Table 29, for all Ranch Hands is due to the
elevated SMR's specific to 1986 and 1987 (two tailed P=O.04, one tailed P-0.02)
and is attrititable to the trend within with flying officers. The Ranch Hand
versus Cl-CS Comparison results are similar.

ifispection of Tables 35 and 36 and Appendix Tables $, 5 and 6, which show
counts of deaths during the calendar years 1983 threugh 1987 by cause, rank and
occupation, shows that of the 5 flying officer Ranch Hand. deaths during 1986,
3 were due to malignant neoplasm (SMR-3.92), 1 was a circulatory system death
(SMR=1.68) and 1 was due to unknown causes (SMR not defined). Of the 4 deaths
within the Ranch Hand flying officers occurring during 1987, 1 was accidental
(SMR-6.00), 1 was due to a maligrnant neoplasm (SMR-O.98) ard 2 were. due to
diseases of the circulatory syste;,i (SMR=2.62). The single Ranch Hand flying
officer death during 1984 was due to circulatory system disease (SMR=2.35)
and the single death occurring durirg 1985 was due to & malignant iieoplasm
(SMR=2.35). These patterns suggest that the observed trend may be attributed
to increased numbers of Ranch Hand malignant neoplasm and circulatory deaths.
Inspection of Tables 48, 49, 51 and 52 and Appendix Tables 7, 8, 9, 11, 12 and
13 shows that the observed Ranch Hand malignant neoplasm deaths dLring 1983
through 1987 among flyers or flying officers are not restricted to a particular
anatomic site or morphological type.

With regard to exposures to herbicides and the contaminant TCDD (dioxin),
an increasing trend within Ranch Hand flying officers is not expected because
TCDD assay results in living Ranch Hands show that Ranch Hand flying officers
were among the least exposed of all Ranch Hand personnel, with the heaviest
exposures occurring in nonflying enlisted personnel.

The observed statistically significant increasing trend in the SMR among
fl'ling officers is of concern and emphasizes the importance of continued
mortality surveillance. However, it appears to be due to recent elevations
in Ranch Hand circulatory and malignant neoplasm death rates with no apparent
pattern by anatomic site or morphology among those deaths due to malignant
neoplasm. If herbicide exposure were having a direct effect on malignant
disease, one would anticipate a clustering by site or type of cancer. Thus
the implication of these observations is as yet unclear. Further, the trend
is not expected relative to known TCDD body burdens among living Ranch Hands
currently being assayed. The finding therefore remains unexplained at this
time. The analyses shown in Tables 28 and 29 will be repeated in the next
mortality report.
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A lexis diagram of Ranch Hand officer deaths Dy age arid calendar year
period is shown in Figure 11. Follow.-up time is indicated for each subject with
a straight line beginning at his aye ana the beginning of his first qualifying
tour and ending at his age at 31 December 1987 if he was still alive at that
time. Follow-up lines for aeceased subjects end with a box at the subjects age
at death and date of death. The corresponding diagram without the follow-up
lines is shown in Figure 12. Lexis diagrams for enlisted, flying and nonflying
personnel, without follow-up lines, are shown in Figures 13 through 15.

Lexis diagrams provide another view of the data that permits a visual
assessment of mortality clustering with respect to age and calendar time. A
strong latency effect, for example, might be revealed by a cluster 0f deaths
approximately 20 years after entry into follow-up. No such clusters are
apparent in these data.
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Figure 11

Lexis Diagram
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Figure 12

Lexis D4- :-•nr
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Figure 13

Lexis Diagram

Ranch Hand Enlisted Personnel
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Figure 14

Lexis Diagram
Ranch Hand Flyers
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Figure 15

Lexis Jiagraii
Ranch Hand Nonflyers
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A statistically si3nificant qroup (Ranch Hand, Cl-C5 Comparison) by survival
i•-2i alive) by date of bi rt,, (<1935, >19i) by rank (officer, enlisted) inter-

3ction ias Jescribed in the ]. update. This interaction was not detected in
any or the adjusted two-samole procedures applied to either Ranch Hand versus

-C5 Ocmarison contrasts or to Ranch Hand versus all Comparison contrasts in
this recort. Current data relevant to the group by survival by date of birth
by rank association for Ranch et-nds and C1-C5 Comparisons is snown in Table 30.

TABLE 30

Survival by Group, Date of Birth and Rank for
Ranch Hands and C1-C5 Comparisons

Number Number Rate Relative
Rank 3irth Group Dead Alive Total (%) Risk

Enlisted <1935 Ranch Hand 28 196 224 12.5 0.99

Comparison 141 974 1115 12.6

Total 169 1170 1339

>1935 Ranch Hand 20 550 570 3.5 0.92
Comparison 108 2727 2835 .. 8

Total 128 3277 3405

Officer <1935 Ranch Hand 16 219 235 6.8 0.86

Comparison 90 1048 1138 7.9

Total 106 1267 1373

>1935 Ranch Hand 10 222 232 4.3 1.35
Comparison 37 1125 1162 3.2

Total 47 1347 1394

The group by survival by date of birth by rank association is not signifi-
cant in these data with (P=0.30) or without (P=0.34) adjustment fur occupation
and tour start date.
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T7he corresponding data for the Ranch Hand versus 311 ComDarison contrast
is snown in Table 31.

TABLE 31

Survival by Group, Date of 3irth and Rank fir
Ranch Hands and All Ccmparisons

Number Number Rate Relative
Rank Birth Group Dead Alive Total (%) Risk

Enlisted <1935 Ranch Hand 25 165 190 13.1 1.02

Comparison 327 2210 2537 12.8

Total 352 2375 2727

>1935 Ranch Hand 23 581 604 3.8 1.11
Comparison 378 10655 11033 3.4

Total 401 11236 11637

Officer <1935 Ranch Hand 15 196 211 • 7.1 0.70

Comparison 223 1973 2196 10.1

Total 238 2169 2407

>1935 Ranch Hand 11 245 256 4.3 1.29
Comparison 111 3224 3335 3.3

Total 122 3469 3591

The group by survival by date of birth by rank association is not statis-
tically significant in these data with (P=0.34) or without (P=0.28) adjustment
for occupation and tour start date.

A statistically significant group by survival-to-age-34 by rank association
in Ranch Hand and C1-C5 Comparison data was also described in the 1984 update.
The same association was investigated with current data in both Ranch Hand
versus Cl-C5 Comparisons and Ranch Hand versus all Comparisons. The same group
by survival-to-age-35 by rank interaction is borderline significant in current
data on Ranch Hand versus Cl-C5 mortality (P-0.05). The data relevant to the
Ranch Hand versus C1-C5 contrast on survival to age 35 is shown in Table 32.
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TABLE 32

Ranch Hand versus C1-C5 Cc.nmparisons
Group, Survival to Age 35, Rank

Survival to Age 35

Number Number Rate Relative
Rank Group Dead Alive Total (%) Risk

Officer Ranch Hand 7 460 467 1.5 2.30

Comparison 15 2285 2300 0.6

Total 22 2745 2767

Enlisted Ranch Hand 9 785 794 1.1 0.72
Comparison 62 3888 3950 1.6

Total 71 4673 4744

This interaction appears to be due to an excess of Ranch Hand officer
deaths before the age of 35. The observed number of Ranch Hand officer deaths
before the age of 35 is 7 and the expected number is 3. These small numbers
limit the meaning of these-findings. Six of the seven Ranch Hand officer
deaths before age 35 were due to accidents and one was a suicide. Of the 15
CI-C5 Comparison officer deaths before age 35, 13 were due to accidents, one
was due to disease and one was a suicide. Of the 9 Ranch Hand enlisted deaths
before the age of 35, 7 were due to accidents, one was a suicide and one was a
homicide. Of the 62 C1-C5 Comparison enlisted deaths before the age of 35, 39
were due to accidents, 14 were disease related, 1 was a homicide and 8 were
suicides. When these analyses were restricted to accidental deaths before the
age of 35, the group by sarvival by rank association is not statistically sig-
nificant (P-0.13). The same interaction is not statistically significant when
suicide before the age of 35 is considered (P=0.31). Taken together, these
resul'.s suggest that the observed interaction is spurious rather than attrib-
utable to herbicide exposure. The same analysis revealed no significant group
by survival-to-age-35 by rank association when all Comparisons are analyzed
(P=0.27). The relevant daca is shown in Table 33.
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T,;LE 33

Ranch Hand versus All Ccriparisons
Group, Survival to Age 35, Rank

Survival to Age 35

Number Nurber Rate Relative
Rank Group Dead Alive Total (0) Risk

Officer Ranch Hand 7 460 467 2.0 1.54

Comparison 54 5477 5531 1.0

Total 61 5937 5998

Enlisted Ranch Hand 9 785 794 1.0 0.85
Comparison 178 13392 13570 1.0

Total 187 14177 14364

When survival to age 35 is replaced by accidental death before the age of
35, the group by survival by rank association is not statistically significant
(P=0.48). These results lend further weight to the conclusion that the group
by survival to age 35 by rank association seen in Ranch Hand versus CI-CS data
was indeed spurious.
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4. CAUSE-SPECIFIC ANALYSES

Table 34 shows death counts and deatn rates (deaths per 1000 person-years)
referenced to the start of the qualifying tour by cause and subgroup. The death
rate units are deaths per 1,000 person-years.

TABLE 34

Deaths and Death Rates by Cause and Group

Flying Officers

All
Ranch Hand Cl-C5 Comparison
Mo. Rate No. Rate No. Rate

Accidental 9 1.03 38 0.87 93 0.84
Suicide 0 0.00 7 0.16 15 0.14
Homicide 0 0.00 0 0.00 3 0.03
Infections, Parasitic 0 0.00 2 0.05 2 0.02
Neoplasm, Malignant 5 0.57 23 0.52 79 0.72
Neoplasms, Uncertain 0 0.00 1 0.02 2 0.02
Endocrine 0 0.00 1 0.02 1 0.01
Blood, Blood Forming 0 0.00 0 0.00 1 0.01
Mental Disorders 0 0.00 0 0.00 2 0.02
Nervous System 0 0.00 1 0.02 4 0.04
Circulatory System 8 0.92 36 0.82 97 0.88
Respiratory System 0 0.00 3 0.07 5 0.05
Digestive 2 0.23 7 0.16 11 0.10
Genitourinary System 0 0.00 1 0.02 1 0.01
Congenital Anomalies 0 0.00 0 0.00 1 0.01
Ill-Defined 0 0.00 1 0.02 2 0.02
Unknown 1 0.11 0 0.00 0 0.00

Total 25 121 319
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TABLE 34 (Cont'd) I
Deatns and Deatn Rates by Cause and Group

Enlisted Flyers

All
Ranch Hand Cl-CS Comparison
No. Rate No. Rate No. Rate

Accidental 4 0.97 27 1.30 67 1.11
Suicide 1 0.24 5 0.24 17 0.28
Homicide 0 0.00 2 0.10 3 0.05
Infections, Parasitic 0 0.00 0 0.00 1 0.02
Neoplasm, Malignant 1 0.24 17 0.8& 39 0.65
Enaocrine 0 0.00 1 0.05 1 0.02
Nervous System 0 0.00 0 0.00 1 0.02
Circulatory System 2 0.49 22 1.C6 54 0.90
Respiratory System 0 0.00 3 0.14 3 0.05
Diaestive 2 0.49 4 0.19 11 0.18
Congenital Anomalies 0 0.00 1 0.05 1 0.02
1ll-Defined 2 0.49 1 0.05 3 0.05
Unknown 0 0.00 0 0.00 1 0.02

Total 12 83 202

All Flyers

All
Ranch Hand Cl-CS Comparison
No. Rate No. Rate No. Rate

Accidental 13 1.01 65 i.01 160 0.94
Suicide 1 0.08 12 0.19 32 0.19
Homicide 0 0.00 2 0.03 6 0.04
Infections, Parasitic 0 0.00 2 0.03 3 0.02
Neoplasm, Malignant 6 0.47 40 0.62 118 0.69
Neoplasms, Uncertain 0 0.00 1 0.02 2 0,01
Endocrine 0 0.00 2 0.03 2 0.01
Blood, Blood Forming 0 0.00 0 0.00 1 0.01
Mental Disorders 0 0.00 0 0.00 2 3.01
Nervous System 0 0.00 1 0.02 5 0.03
Circulatory System 10 0.78 58 0.90 151 0.89
Respiratory System 0 0.00 6 0.09 8 0.05
Digestive 4 0.31 11 0.17 22 0.13
Genitourinary System 0 0.00 1 0.02 1 0.01
Congenital Anomalies 0 0.00 1 0.02 2 0.01
Ill-Defined 2 0.16 2 0.03 5 0.03
Unknown 1 0.08 0 0.00 1 0.01

Total 37 204 521
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TABLE 34 (Cont'd)

Deaths and Death Rates by Cause and Group

Nonflying Officers

All
Ranch Hand Cl-CS Comparison
No. Rate No. Rate No. Rate

Accidental 0 0.00 1 0.39 1 0.16
Suicide 1 1.95 0 0.00 1 0.16
Neoplasm, Malignant 0 0.00 3 1.17 5 0.81
Circulatory System 0 0.00 1 0.39 7 1.13
Digestive 0 0.00 1 0.39 1 0.16

Total 1 6 15

Nonflying Enlisted

Al l
Ranch Hand Cl-C5 Compari son
No. Rate No. Rate No. Rate

Accidental 9 0.78 38 0.64 129 0.54
Suicide 1 0.09 13 0.22 41 0.17
HomiCide 2 0.17 3 0.05 14 0.06
Infections, Parasitic 0 0.00 3 0.05 6 0.03
Neoplasm, Maligr.ant 6 0.52 38 0.64 103 0.43
Neoplasms, Uncertain 0 0.00 1 0.02 1 0.00
E.idocrine 1 0.09 0 0.00 1 0.00
Blood, Blood Forming 0 0.00 0 0.00 1 0.00
Mental Disorders 0 0.00 1 0.02 7 0.03
Nervous System 0 0.00 1 0.02 7 0.03
Circulatory System 15 1.29 56 0.95 151 0.64
Respiratory System 0 0.00 4 0.07 14 0.06
Digestive 2 0.17 6 0.10 14 0.06
Genitourinary System 0 0.00 2 0.03 8 0.03
Ill-Defined 0 0.00 0 0.00 5 0.02
Unknown 0 0400 0 0.00 1 0.00

Total 36 166 503
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TABLE 34 (Cont'a)

Deaths and Death Rates by Cause and Grcup

All Nonflying

All
Ranch Hand C1-^S Ccmparison
No. Rate No. Rate No. Rate

Accidental 9 0.74 39 0.53 130 0.53CuIcide 2 0.17 13 0.21 42 0.17
Hc, micide 2 0.17 3 0.05 14 0.06Infactions, Parasitic 0 0.00 3 0.05 6 0.02
Jeoplasm, Malignant 6 0.50 41 0.66 108 0.44Neoplasms, Uncertain 0 0.00 1 0.02 1 0.00

Endocrine i 0.08 0 0.00 1 0.00Blood, Blood Forming 0 0.00 0 0.00 1 0.01
Mental Disorders 0 0.00 1 0.02 7 0.03Nervous System 0 0.00 1 0.02 7 0.03
Circulatory Sy-tem 15 1.24 56 0.91 158 0.65Respiratory System 0 0.00 4 0.06 14 0.06
Digestive 2 0.17 7 0.11 15 0.06Genitourinary System 0 0.00 2 0.03 8 0.03
Ill-Defined 0 0.00 0 0.00 5 0.02
Unknown 0 0.00 0 0.00 1 0.00

Total 37 172 518

All Personnel

All
Ranch Hand Cl-CS Comparison
No. Rate No. Rate No. Rate

Accidental 22 0.88 104 0.82 290 0.70Suicide 3 0.12 25 0.20 74 0.18
Homicide 2 0.08 5 0.04 20 0.05
Infections, Parasitic 0 0.00 5 0.04 9 0.02Neoplasm, Malignant 12 0.48 81 0.64 226 0.55
Neoplasms, Uncertain 0 0.00 2 0.02 3 0.01
Endocrine 1 0.04 2 0.02 3 0.01Blood, Blood Forming 0 0.00 0 0.00 2 0.00
Mental Disorders 0 0.00 1 0.01 9 0.02Nervous System 0 0.00 2 0.02 12 0.03
Circulatory System 25 1.00 115 0.91 309 0.75Respiratory System 0 0.00 10 0.08 22 0.05
Digestive 6 0.24 18 0.14 37 0.09Genitourinary System 0 0.00 3 0.02 9 0.02
Congenital Anomalies 0 0.CO i 0.01 2 0.00Ill-Defined 2 0.08 2 0.02 10 0.02Unknown i 0.04 0 0.00 2 0.00

Total 74 376 1039
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Deaths occurring during the calendar years 1986 and 19A7 are cross-
tabulated in Tables 35 and 36. The corresponding tabulations for the calendar
years 1_3, 1964 dnd 1985 are shown in the Appendix. The deý.th rate units are
deaths per 1000 person-years.

TABLE 35

Deaths and Death Rates by Cause and Group for 1986

Flying Officers
All

Ranch Hand Cl-CS Comparison
No. Rate No. Rate No. Rate

Accidental 0 0.00 1 0.48 2 0.40
Suicide 0 0.00 0 0.00 1 0.20
Neoplasm, Malignant 3 7.11 1 0.48 9 1.81
Blood, Blood Forming 0 0.00 0 0.00 1 0.20
Nervous System 0 0.00 0 0.00 1 0.20
Circulatory System 1 2.37 2 0.97 7 1.41
Unknown 1 2.37 0 0.00 0 0.00

Total 5 4 21

Enlisted Flyers
Al l

Ranch Hapd Cl-C5 Comparison
No. Rate No. Rate No. Rate

Accidental 0 0.00 1 1.04 3 1.13
Suicide 0 0.00 0 0.00 1 0.38
Infections, Parasitic 0 0.00 0 0.00 1 0.38
Neoplasm, Malignant 0 0.00 3 3.13 6 2.26
Circulatory System 1 5.08 4 4.17 7 2.64

Total 1 8 18

All Flyers
All

Ranch Hand Cl-CS Comparison
No. Rate No. Rate No. Rate

Accidental 0 0.00 2 0.66 5 0.66
Suicide 0 0.00 0 0.00 2 0.26
Infections, Parasitic 0 0.00 0 0.00 1 0.13
Neoplasm, Malignant 3 4.85 4 1.32 15 1.97
Blood, Blood Forming 0 0.00 0 0.00 1 0.13
Nervous System 0 0.00 0 0.00 1 0.13
Circulatory System 2 3.23 6 1.98 14 1.84
Unknown 1 1.62 0 0.00 0 0.00

Total 6 12 39
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TABLE 35 (Cont'd)

Deaths and Death Rates by Cause and Group for 1986

NJonflying Officers

All
Ranch Hand C1-Cs Comparison
No. Rate No. Rate No. Rate

Circulatory System 0 0.00 0 0.00 2 7.24

Total 0 0 #

Nonflying Enlisted

Al 1
Ranch Hand C1-C5 Comparison
No. Rdte No. Rate No. Rate

Accidental 1 1.81 0 0.00 4 0.39
Suicide 0 0.00 1 0.36 4 0.39
Neoplasm, Malignant 0 0.00 7 2.53 15 1.46
Circulatory System 2 3.61 4 1.44 10 0.97
Respiratory System 0 0.00 0 0.00 1 0.10
Digestive 0 0.00 1 0.36 1 U.10

Total 3 13 35

All Nonflying

All
Ranch Hand CI-Cs Comparl son
No. Rate Ni. Rate No. Rate

Accidental 1 1.73 0 0.00 4 0.38
Suicide 0 0.00 1 0.39 4 0.38
Neoplasm, Malignant 0 0.00 7 2.4z 15 1.42
Circulatory System 2 3.46 4 1.38 12 1.14
Respiratory System 0 0.00 0 0.00 1 0.09
Digestive 0 0.00 1 0.35 1 0.09

Total 3 13 37
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TABLE 35 (Cont'd)

Deaths and Death Rates by Cause and Group for 1986

Ali Personnel
All

Ranch Hand Cl-Cs Comparison
No. Rate No. Rate No. Rate

Accidental 1 0.84 2 0.34 9 0.50
Suicide 0 0.00 1 0.17 6 0.33
Infections, Parasitic 0 0.00 a 0.00 1. 0.06
Neoplasm, Malignant 3 2.51 11 1.86 30 1.65
Blood, Blood Forming 0 0.00 0 0.00 1 0.06
Nervous System 0 0.00 0 0.00 1 0.06
Circulatory System 4 3.34 10 1.69 26 1.43
Respiratory System 0 0.00 0 0.00 1 0.06
Digestive 0 0.00 1 0.17 1 0.06
Unknown 1 0.84 0 0.00 0 0.00

Total 9 25 76

TABLE 36

Deaths and Death Rates by Cause and Group for 1987

Flying Officers

Al 1
Ranch Hand C1-C5 Comparison
No. Rate No. Rate No. Rate

Accidental 1 2.39 1 Y.49 2 0.40
Suicide 0 0.00 0 0.00 1 0.20
Neoplasm, Malignant 1 2.39 4 1.94 12 2.43
Circulatory System 2 4.77 2 0.97 9 1.82
Respiratory System 0 0.00 1 0.49 1 0.20
Digestive 0 0.00 2 0.97 2 0.40

Total 4 10 27

Enlisted Flyers

All
Ranch Hand Cl-C5 Comparison
No. Rate No. Rate No. Rate

Suicide 0 0.00 0 Q.00 1 0.38
Neoplasm, Malignant 0 0.00 0 0.00 5 1.90
Circulatory System 0 0.00 3 3.15 4 1.52
Ill-Defined 1 5.11 0 0.00 0 0.00

Total 1 3 10
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TA3LE o3 (Cont'd)

Deaths and Death Rates by Cause and Group for 1987

All Flyers

AllRanch Hand C1-C5 ComparisonNo. Rate No. Rate No. Rate
Accidental 1 1.63 1 0.33 2 0.26Suicide 0 0.00 0 0.00 2 0.26Neoplasm, Malignant 1 1.63 4 1.33 17 2.24Circulatory System 2 3.25 5 1.66 13 1.72Respiratory System 0 0.00 1 0.33 1 0.13Digestive 0 0.00 2 0.66 2 0.26Ill-Defined 1 1.63 0 0.00 0 0.00

Total 5 13 37

Nonflying Officers

All1Ranch Hand CI-C5 Comparison
No. Rate No. Rate No. Rate

Neoplasm, Malignant 0 0.00 2 16.68 3 10.99Circulatory System 0 0.00 1 8.34 1 3.66
Total 0 3 4

Nonflying Enlisted

AllRanch Hand CI-C5 Comparison
No. Rate No. Rate No. Rate

Accidental 0 0.00 1 1.36 2 0.20Suicide 0 O.CO 1 0.36 2 0.20Infections, Parasitic 0 0.00 1 0.36 1 0.10Neoplasm, Malignant 1 1.81 5 1.81 13 1.27Blood, Blood Forming 0 0.00 0 0.00 1 0.10Circulatory System 0 0.00 4 1.45 10 0.98Respiratory System 0 0.00 2 0.73 5 0.49Genitourinary System 0 0.00 0 0.00 1 0.10Ill-Defined 0 0.00 0 0.00 2 0.20
Total 1 14 37
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-i
TABLE 36 (Cont'd)

Deaths and Death Rates by Cause and Group for 19B7

All Nonflying
Al l

Ranch Hand C1-C5 Comparison
No. Rate No. Rate No. Rate

Accidental 0 0.00 1 0.35 2 0.19
Suicide 0 O.CO 1 0.35 2 0.19
Infections, Parasitic 0 0.00 1 0.35 1 0.09
Neoplasm, Malignant 1 1.74 7 2.43 16 1.52
Blood, Blood Forming 0 0.00 0 0.00 1 0.09
Circulatory System 0 0.00 5 1.74 11 1.04
Respiratory System 0 0.00 2 0.70 5 0.47
Genitourinary System 0 0.00 0 0.00 1 0.09
Ill-Defined 0 0.00 0 0.00 2 0.19

Total 1 17 41

All Personnel

Al l
Ranch Hand Cl-C5 Comparison
No. Rate No. Rate No. Rate

Accidental 1 0.84 2 0.34 4 0.22
Suicide 0 0.00 1 0.17 4 0.22
Infections, Parasitic 0 0.00 1 0.17 1 0.06
Neoplasm, Malignant 2 1.68 11 1.87 33 1.82
Blood, Blood Forming 0 0.00 0 0.00 1 0.06
Circulatory System 2 1.68 10 1.70 24 1.33
Respiratory System 0 0.00 3 0.51 6 0.33
Digestive 0 0.00 2 0.34 2 0.11
Genitourinary System 0 0.00 0 0.00 1 0.06
Ill-Defined 1 0.84 0 0.00 2 0.11

Total 6 30 78
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Unaajusted group contrasts on each cause of death are shown in Tables 37
and 38. Ranch Haod versus Cl-C5 Comparison contrasts were accomplished via
,4ald tests on the logarithm of the odds ratio. The odds ratio estimate and
associated confidence interval are also shown. Ranch Hand versus all Comparison
contrasts were based on Wald tests on th2 logarithm of the odds ratio and score
tests on the one-sample SMR. Associated confidence intervals for the SMR are
also presented.

TABLE 37

Unadjusted Group Contrasts by Cause of Death
Rarch Hands versus CI-C5 Comparisons

Two-sampl e

Ranch 4and Comp Cl-CS Odds 95% Conf.
Deaa Dead Ratio Interval P-value

Accidental 22 104 1.05 (0.66, 1.67) 0.84
Suicide 3 25 0.59 (0.18, 1.97) 0.39
Homicide 2 5 1.98 (0.38, 10.2) 0.41
Infections, Parasitic 0 5
Neoplasm, Malignant 12 81 0.73 (0.40, 1.35) 0.32
Neoplasms, Uncertain 3 2
Endocrine 1 2 2.48 (0.22, 27.4) 0.32
Blood, Blood Forming 0 0
Mental Disorders 0 1
Nervous Systcm 0 2
Circulatory System 25 115 1.08 (0.70, 1.67) 0.73
Respiratory System 0 10
Digestive 6 18 1.66 (0.66, 4.13) 0.29
Genitourinary System 0 3
Congenital Anormalies 0 1
Ill-Defined 2 2 4.96 (0.70, 35.3) 0.11
Unknown 1 0

In the second panel of Table 38, the confidence interval for the SMR in the
one-sample analysis of digestive deaths is based on a Poisson approximation.
The other confidence intervals in the second panel of Table 38 are based on the
asymptotic normality of the SMR.
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T,-•LE 3•

Unadjusted Group Contrasts by Cause of Death
Ranch Hands versus All Comparisons

Two-sample

Ranch Hand All Comp Odos 952' Conf.
Dead Dead Ratio Interval P-value

Accidental 22 230 1.15 (0.74, 1.73) 0.53
Suicide 3 74 0.51 (0.19, 1.95) 0.41
Homicide 2 20 1.58 (0.35, 6.49) 0.58
nfections, Parasitic 0 6

Neoplasm, Malignant 12 226 0.80 (0.45, 1.44) 0.46
NJeoplasms, Uncertain 0 3
Endocrine 1 3 5.05 (0.53, 48.6) 0.13
Blood, Blood Forming 0 2
Mental Disorders 0 9
Nervous System 0 12
Circulatory System 25 309 1.23 (0.82, 1.86) 0.32
Respiratory System 0 22
Digestive 6 37 2.46 (1.04, 5.85) 0.04
Genitourinary System 0 9
Congenital Anomalies 0 2
Ill-Defined 2 10 3.03 (0.60, 13.9) 0.15
Unknown 1 2 7.58 (0.69, 83.6) 0.10

One-sample
g5% Conf.

Dead Expected .MR Interval P-value

Accidental 22 17.50 1.26 (0.73, 1-78) 0.28
Suicide 3
Hcni ci de 2
Infections, Parasitic 0
Neoplasm, Malignant 12 13.64 0.88 (0.38, 1.38) 0.66
Neoplasms, Uncertain 0
Endocrine 1
Blood, Blood Farming 0
Mental Disorders 0
Nervous System 0
Circulatory System 25 18.64 1.34 (0.82, 1.87) 0.14
"Respiratory System 0
Digestive 6 2.23 2.69 (1.00, 5.85) 0.01
Genitourinary System 0
Congenital Anomalies 0
Ill-Defined 2
Unknown 1

The unadjusted two-sample contrast of all Ranch Hands with all Comparisons
on digestive deaths was statistically significant (odds ratio = 2.5, P=0.04) and
is of concern. The unadjusted one-sample analysis also indicates a significant
elevation (SMR - 2.7, P=O.01). Of these two analyses, the one-sample analysis is
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considered superior since it takes survival time into account, through the
person-year determination, whereas the two-sample method depends only on the
occurrence of death and not time to death. Both analyses are deficient, how-
ever, in that they are not adjusted for date of birth, rank or occupation.
Adjusted analyses were not carried out since the number of Ranch Hand digestive
system deaths (6) is too few for medningful adjustment. Regarding rank and
occupation, Table 34 shows that the? 6 Ranch Hand digestive system deaths are
iporcximately uniformly distributed across the four combinations of rank and
occupation. These distributioihs tend to contradict a herbicide effect, since
unpublished dioxin assay results on living Ranch Hands suggest that Ranch Hand
officers were relatively unexposed to dioxin with the heaviest exposure occurred
in nonflying enlisted personnel. A distribution of these 6 deaths by site
(Table 44) reveals wide variation and is not suggestive of a herbicide effect.

TABLE 39

Cause-Specific Adjusted Analyses

Ranch Hand versus C1-C5 Comparisons

Discrete Covariates

Adjusted Covariates and
Cause Odds Ratio 95% C I P-value Interactions (P-value)

Accidents 1.02 (0.81, 1.29) 0.84 Occupation (0.02)

Malignant
Neoplasm 0.85 (0.63, 1.16) 0.31 Rank (0.02)

DO (P<O.01)

Circulatory 1.07 (0.86, 1.34) 0.54 Occupation (0.30)
Tour (0.01)
008 (P<0.01)
Oc:*OOB (P<O.01)

Continuous Covariates

Adjusted Covariates and
Cause Odds Ratio 95% C I P-value Interactions (P-value)

Accidents 1.02 (0.81, 1.29) 0.84 Occupation (0.02)

Malignant
Neoplasm 0.85 (0.63, 1.16) 0.31 Rank (0.01)

Occupation (0.07)
Tour (0.49)
DOB (P<0.01)
Rank*tour (0.03)
Occ*tour (0.03)

Circulatory 1.07 (0.86, 1.34) 0.55 Rank (P<0.01)
Tour (0.29)
008 (0.28)
Tour*DOB (0.04)
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The same two-sample adjusted analyses of accidental, malignant neoplasm
ar1 circuiatory deaths on Ranch Hands and all Comparisons are summarized in
T3~ie 40.

TABLE 40

Cause-Specific Adjusted Analyses
Ranch Hanus versus All Comparisons

Two-sample, Discrete Covariates

Adjusted Covariates and
Cause Odds Ratio 95% C I P-value Interactions (P-value)

Accidents 1.05 (0.85, 1.31) 0.64 Rank (0.04)
Occupation (P<O.01)

Malignant
Neoplasm 0.82 (0.62, 1.11) 0.20 Rank (0.26)

DOB (P<0.01)
Rank*DOB (P<0.01)

Circulatory 1.06 (0.36, 1.31) 0.58 Occupation (0.78)
Rank (0.02)
Tour (0.01)
DOB (P<O.01)
Occ*DOB (0.03)

Continuous Covariates

Adjusted Covariates and
Cause Odds Ratio 95% C I P-value Interactions (P-value)

Accidents 1.05 (0.85, 1.31) 0.64 Rank (0.04)
Occupation (P<O.01)

Malignant
Neoplasm 0.83 (0.62, 1.12) 0.23 Rank (0.01)

008 (P<O.01)
Rank*DOB (0.02)

CUrculatory 1.05 (0.85, 1.30) 0.65 Rank (P<0.01)
DOB (P<0.01)

The Ranch Hands appear to be experiencing slightly more accidental deaths
(odds ratio - 1.05), and deaths due to circulatory disease (odds ratio = 1.05)
and fewer deaths due to malignant neoplasm (odds ratio = 0.83) than all Com-
parisons after adjustment for rank, occupation, date of birth and tour date.
However, none of the adjusted cause-specific odds ratios in Tables 39 and 40
are statistically significant. These two-sample analyses did not take survival
time into account.
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.Acjusted one-sample analyses contrastirg Ranch Hands with all Ccmoarisons
on accidental, malignant neoplasm and circulatory deaths were carried out with
person-years computed from tour start date. These analyses are adjusted for
aata of birth, survival time, calendar time, rank and occupation. The results
are sumarized in Tables 41, 42 and 43.

TABLE 41

One-sample Adjusted Ccntrasts of Ranch Hands and

All Comparisons on Accidental Deaths

Accidental Deaths Among Officers

SMR-1.23, 95% C 1: (0.43, 2.03), P=0.54

Adjusted
Number Person- Number Expected

Birth Year At Risk years Dead Deaths

1910-1914 1 22 0 0.00
1915-1919 8 130 0 0.08
1920-1924 32 651 0 0.47
1925-1929 43 867 1 0.67
1930-1934 151 3108 2 2.37
1935-1939 96 1969 3 1.35
1940-1944 91 1725 1 1.63
1945-1949 45 777 2 0.77

Total 467 9249 9 7.35

Accidental Deaths Among Enlisted Personnel

SMR-1.18, 95% C I: (0.54, 1.83), P-0.54

Adjusted

Number Person- Number Expected
Birth Year At Risk years Dead Deaths

1910-1914 4 77 0 0.09
1915-1919 9 185 0 0.15
1920-1924 16 333 0 0.14
1925-1929 41 851 0 0.55
1930-1934 154 3030 4 2.15
1935-1939 117 2368 2 1.71
1940-1944 121 248i 1 1.72
1945-1949 321 6188 6 4.32
1950-1954 11 197 0 0.15

Total 794 15715 13 10.99
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TABLE 41 (Cont'd)

One-sample Adjusted Contrasts of Ranch Hands and
All Comparisons on Accidental Deaths

Accidental Deaths Among Flying Personnel

S,1R=1.09, 95% C I: (0.5J, 1.69), '=0.75

Adjusted
Number Person- Number Expected

Birth Year At Risk years Dead Deaths

1915-1919 9 136 0 0.11
1920-1924 35 720 0 0.53
1925-1929 53 1079 1 0.99
1930-1934 219 4435 5 3.98
1935-1939 146 2954 4 2.49
1940-1944 122 2379 1 2.50
1945-1949 64 1144 2 1.19

Total 648 12847 13 11.89

Accidental Deaths Among Nonflying Personnel

SMR=1.29, 95% C I: (0.45, 2.13), P=0.44

Adjusted
Number Person- Number Expected

Birth Year At Risk years Dead Deaths

1910-1914 5 99 0 0.11
1915-1919 8 179 0 0.10.
1920-1924 13 264 0 0.04
1925-1929 31 539 0 0.25
1930-1934 86 1703 1 0.91
1935-1939 67 1383 1 0.74
1940-1944 90 1831 1 0.96
1945-1949 302 5822 6 3.70
1950-1954 11 197 0 0.16

Total 613 12117 9 6.98
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TABLE 41 (Cont'd)

One-sample Adjusted Contrasts of Ranch Hands and
All Comparisons on Accidental Deaths

Accidental Deaths Among All Ranch Hands

SMP.=1.16, 95% C I: (0.64, 2.36), P=0.54

Adjusted
Number Person- Number Expected

Birth Year At Risk years Dead Deaths

1905-1914 5 99 0 0.07
1915-1919 17 315 0 0.21
1920-1924 43 984 0 0.62
1925-1929 84 1718 1 1.24
1930-1934 305 6138 6 4.46
1935-1939 213 4337 5 3.04
1940-1944 212 4211 2 3.13
1945-1949 366 6966 8 5.09
1950-1954 J.1 197 0 0.15

Total 1261 24965 22 18.02

In the one-sample adjusted analysis of all Ranch Hand accidental deaths
summarized in the last panel of Table 41, there was no survival by rank by
occulpation interaction (P-0.94). Additionally, the Ranch Hand versus all
Comparison contrast on accidental deaths did not vary significantly with rank
(P=0.53) or occupation (P-0.48).

TABLE 42

bwe-sample Adjusted Contrasts of Ranch Hands and
All Comparisons On Malignant Neoplasm Deaths

Malignant Neoplasm Deaths Among Officers

SMR-0.71, 95% C I: (0.09, 1.34), P-0.45

Adjusted
Number Person- Number Expected

Birth Year At Risk years Dead Deaths

1910-1914 1 22 0 0.04
1915-1919 8 130 0 0.33
1920-1924 32 651 1 1.50
1925-1929 43 867 2 1.09
1930-1934 151 3108 1 2.47
1935-1939 96 1969 0 0.90
1940-1944 91 1725 1 0.49
1945-1949 45 777 0 0.17

Total 467 9249 5 6.99
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TABLE 42 (Cont'd)

One-sample Adjusted Contrasts of Ranch Hands and
All Comparisons on Malignant Neoplasm Deaths

Malignant Neoplasm Deaths Among Enlisted Personnel

SMR=0.71, 95% C I: (0.18, 1.23), P=0.36

Adjusted
Number Person- Number Expected

Birth Year At Risk years Dead Deaths

1910-1914 4 77 1 0.34
1915-1919 9 185 2 0.94
1920-1924 16 333 0 1.16
1925-1929 41 851 1 1.84
1930-1934 154 3030 2 3.14
1935-1939 117 2368 0 1.14
1940-1944 121 2486 0 0.55
1945-1949 321 6168 1 0.75
1950-1954 11 197 0 0.01

Total 794 15715 7 9.88

Malignant Neoplasm Deaths Among Flying Personnel

SMR=0.57, 95% C I: (0.12, 1.03), P-0.17

Adjusted
Number Person- Number Expected

Birth Year At Risk years Dead Deaths

1915-1919 9 136 1 0.41
1920-1924 35 720 1 1.70
1925-1929 53 1079 2 1.71
1930-1934 219 4435 1 4.30
1935-1939 146 2954 0 1.48
1940-1944 122 2379 1 0.61
1945-1949 64 1144 0 0.24

Total 648 12847 6 10.45
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TABLE 42 (Cont'd)

One-sample Adjusted Contrasts of Ranch Hands and
All Comparisons on Malignant Neoplasm Deaths

Malignant Neoplasm Deaths Among Nonflying Personnel

SMR-0.93, 95% C I: (0.19, 1.68), ?-0.86

Adjusted
Number Person- Number Expected

Birth Year At Risk years Dead Deaths

1910-1914 5 99 1 0.33
1915-1919 8 179 1 0.76
1920-1924 13 264 0 0.91
1925-1929 31 639 1 1.22
1930-1934 86 1703 2 1.53
1935-1939 67 1383 0 0.59
1940-1944 90 1831 0 0.41
1945-1949 302 E822 1 0.68
1950-1954 11 197 0 0.01

Total 613 12117 6 6.44

Malignant Neoplasm Deaths Among All Ranch Hands

SM.IR=0.70, 95% C I: (0.40, 1.24), P=0.23

Adjusted
Number Person- Number Expected

Birth Year At Risk years Dead Deaths

1905-1914 5 99 1 0.29
1915-1919 17 315 2 1.14
1920-1924 48 984 1 2.74
1925-1929 84 1718 3 2.96
1930-1934 305 6138 3 5.86
1935-1939 213 4337 0 2.03
1940-1944 212 4211 1 0.99
1945-1949 366 6966 1 0.92
1950-1954 11 197 0 0.01

Total 1261 24965 12 16.95

In the one-sample adjusted analysis of all Ranch Hand malignant neoplasm 7
deaths summarized in the last panel of Table 42, there was no survival by rank
by occupation interaction (P-0.93). Additionally, the Ranch Hand versus all
Comparison contrast on accidental deaths did not vary significantly with rank
(P=0.40) or occupation (P=0.94).
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TABLE 43

One-sample Adjusted Contrasts of Ranch Hands and
All Comparisons on Circulatory Deaths

Circulatory Deaths Among Officers

SMR=0.93, 95% C I: (0.29, 1.58), P-0.84

Adjusted
Number Person- Number Expected

Birth Year At Risk years Dead Deaths

1910-1914 1 22 0 0.14
1915-1919 8 130 2 0.62
1920-1924 32 651 1 1.95
1925-1929 43 867 0 1.37
1930-1934 151 3108 4 3.17
1935-1939 96 1969 1 1.04
1940-1944 91 1725 0 0.26
1945-1949 45 777 0 0.02

Total 467 9249 8 8.58

Circulatory Deaths Among Enlisted Personnel

SMR=1.17, 95% C I: (0.62, 1.73), P=0.51

Adj usted
Number Person- Number Expected

Birth Year At Risk years Dead Deaths

1910-1914 4 77 0 0.63
1915-1919. 9 185 0 1.39
1920-1924 16 333 2 1.62
1925-1929 41 851 3 2.06
1930-1934 154 3030 6 5.00
1935-1939 117 2368 3 2.36
1940-1944 121 2486 1 0.79
1945-1949 321 6168 2 0.74
1950-1954 11 197 0 0.01

Total 794 15715 17 14.61
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TAULE 43 (Cont'd)

One-sample Adjusted Contrasts of Ranch Hands and
All Comparisons on Circulatory Deaths

Circulatory Deaths Among Flying Personnel

SMR=0.76, 95% C I: (0.25, 1.23), P-0.38

Adjusted
Number Person- Number Expected

Birth Year At Risk years Dead Deaths

1915-1919 9 136 2 0.82
1920-1924 35 720 1 2.42
1925-1929 53 1079 0 1.99
1930-1934 219 4435 4 5.46
1935-1939 146 2954 2 1.80
1940-1944 122 2379 1 0.52
1945-1949 I4 1144 0 0.18

Total 648 12847 10 13.17

Circulatory Deaths Among Nonflyinq Personnel

SMR-1.53, 95% C I: (0.75, 2.30), P-0.10

Adjusted
N•mber Person- Number Expected

Birth Year At Risk years Dead Deaths

1910-1914 5 99 0 0.80
1915-1919 8 179 0 1.14
1920-1924 13 264 2 1.11
1925-1929 31 639 3 1.41
1930-1934 86 1703 6 2.78
1935-1939 67 1383 2 i.41
1940-1944 90 1831 0 0.59
1945-1949 302 5822 2 0.58
1950-1954 11 197 0 0.01

Total 613 12117 15 9.83
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TABLE 43 (Cont'd)

One-sample Adjusted Contrasts of Ranch Hands and
All Comparisons on Circulatory Deaths

Circulatory Deaths Among All Ranch Hands

SMR=l.09, 95% C I: (0.73, 1.61), P=0.67

Adjusted
Numbar Person- Number Expected

.Birth Year At Risk years De&d Deaths

1905-1914 5 99 0 0.74
1915-1919 17 315 2 1.81
1920-1924 08 984 3 3.65
1925-1929 84 .718 3 3.42
1930-1934 305 6138 10 8.62
1935-1939 213 4337 4 3.41
1940-1944 212 4211 1 1.11
1945-1949 366 6966 2 0.77
1950-1954 1U 197 0 0.01

Total 1261 24955 25 23.68

In the one-sample adjusted analysis of all Ranch Hand circulatory d-kaths
summarized in the last panel of Table 43, there was no survival by rank by
occupation interaction (P=0.93). Additionally, the Ranch Hand versus all
Comparison contrast on accidental deaths did not vary significantly with rank
(P=0.68) or occupation (P=0.13).

None of the adjusted cause-specific SMR's shown in Tables 41, 42 and 43
are statistically significantly different from unity. The overall adjusted
cause-specific SMR's shown in the last panel of each of these three tables,
reflect the same pattern shown in the adjusted two-sample cause-specific
results in Table 40. The covariate adjusted one-sample results indicate that
the relative excess number of circulatory deaths in Ranch Hand nonflyers
(SMR=1.53) in Table 43 is not significantly different from the relatively
favorable circulatory mortality experience of Ranch Hand flyers (SMR=0.76,
P=0.94). Similarly, the changes in malignant neoplasm and accidental death
SMR's across levels of rank and occupation are not statistically significant.
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Cumulative digestive system mortality by ICD code (following lCD nomencla-
ture and spelling) is shown in Table 44. Digestive system mortality occurring
during the calendar years 1986 anu 1987 are shown in Tables 45 and 46. Diges-
tive system mortality occurring during the calendar years 1983, 1984 and 1985 is
shown in the Appendix.

TABLE 44

Group Cumulative Site-Specific Nr malignant Digestive System Mortality

Number of Deaths

Ranch All
Category Hand C1-C5 Comp

530-537 Oesophagus, Stomach and Duodenum
531.9 Gastric Ulcer 0 0 1
532.4 Duodenal Ulcer with Haemorrhage 0 0 1
532.5 Duodenal Ulcer with Perforation 0 1 1
533.4 Peptic Ulcer with Haemorrhage 0 0 1

540-543 Appendici ti s
540.0 Acute Apyendicitis, Peritonitis 0 0 1

560-569 Intestine and Peritoneum, Other
564.1 Irritable Colon 0 1 1

570-579 Digestive System, Other
571.0 Alcoholic Fatty Liver 1 0 1
571.1 Acute Alcoholic Hepatitis 0 0 3
571.2 Alcoholic Cirrhosis of Liver 4 11 15
571.3 Alcoholic Liver Damage, Unspecified 0 1 4
571.5 Cirrhosis of Liver, Nonalcoholic 0 2 5
571.9 Unspecified Chronic Liver Disease

Without Mention of Alcohol 0 0 1
572.9 Other Sequelae of Chronic Liver Disease 1 0 0
577.0 Acute Pancreatitis 0 2 2

Totals 6 18 37

TABLE 45

Group Site-Specific Nonmalignant Digestive System Mortality for 1986

Number of Deaths

Ranch All
Category Hand Cl-C5 Comp.

570-579 Digestive System, Other
571.2 Alcoholic Cirrhosis of Liver 0 1 1

Total 0 1 1
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TABLE 46

Group Site-Specific Nonmalignant Digestive System Mortality for 1987

Number of Deaths

Ranch All
Category Hand C1-C5 Comp

560-569 Intestine and Peritoneum, Other
564.1 Irritable Colon 0 1 1

570-579 Digestive System, Other
371.2 Alcoholic Cirrhosis of Liver 0 1 1

Total 0 2 2

Table 38 shows that the Ranch Hand nonmalignant digestive death rate is
elevated, relative to that of all Comparisons (one-sample unadjusted SMR = 2.7,
P=0.01). Five of the six Ranch Hand digestive deaths (83%) and 29 of the 37
Comparison digestive deaths (79%) were liver-related. All (100%) of the 5 Ranch
Hand and 23 (79%) of tve 29 Comparison liver-related digestive deaths were
attributable to alcohol. The 6 Ranch Hand digestive deaths are distributed by
rank and occupation as 2 flying officers, 2 flying enlisted and 2 nonflying
enlisted. The 5 Ranch Hand alcohol-related digestive deaths are distributed as
2 flying officers, 1 flying enlisted and Z nonflying enlistcd. Digestive system
mortality during 1986 and 1987, summarized in Tables 47 and 48, and digestive
system mortality during the years 1983, 1984 and 1985, shown in Appendix Tables
13 through 15, is unremarkable -.ince the last Ranch Hand digestive system death
occurred in 1985. Digestive system deaths did not, therefore, contribute to the
already noted (Table 21) incleased Ranch Hand mortality during 1986 and 1987.

Table 47 shows cumulative site-specific malignant neoplasm-mortality by
group.

TABLE 47

Group Cimulative Site-Specific Neoplasm Mortality

Number of Deaths

Ranch All
Category Hand Cl-C5 Comp

140-149 Lip, Oral Cavity and Pharynx
140.9 Lip, Unspecified 0 1 1
141.9 Tongue, Unspecified 0 1 3
144.9 Floor of Mouth, Unspecified 0 1 1
145.9 Mouth, Unspecified 0 1 2
146.0 Tonsil 0 1 1
147.9 Nasopharynx, Unspecified 0 1 1
148.1 Pyriform Sinus 0 0 2

150-159 Digestive Organs and Peritoneum
150.3 Oesophagus, Upper Third 0 1 1
150.5 Oesophagus, Lower Third 0 0 1
150.9 Oesophagus, Unspecified 1 3 6
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TABLE 47 (Cont'd C

Group Cumulative Site-Specific~ Neoplasm M~ortality

Number of DOuths

Rarch P.11
Category Hand C1 -C5 Comp

150-159 Digestive Organs and Peritoneum
151.9 Stomach, Unspecified 1 2 4
153.4 Colon, Caecum 0 0 1
153.5 Colon, Appendix 0 1 1
153.9 Colon, Utispecified 0 7 19
15-4.0 Rectosignoiod Junction 0 0 2
154.1 Rectum 0 1 2
154.3 Anus, Unspecified 0 0 1
157.4 Islets of Langerhans 0 1 1
157.9 Pancreas, Unspecified 1 3 10
159.0 Intestinal Tract, Unspecified 0 1 1

160-165 Respiratory and Intrathoracic Organ
1W09 Accessory Sinus, Unspecified 0 1 1
161.1 Supraglottis 0 0 1
161.9 Larynx, Unspecified .0 0 2
162.2 Main Bronchus 0 0 1
162.3 Upper Lobe, Bronchus or Lung 0 1 2
162.4 Middle Lobe, Bronchus or Lung 0 1 1
162.9 Bro'nchus anid Lung, Unspecified 4 32 76
163.9 Pleur~a, Unspecified 0 0 1
164.9 Mediastinum, Unspecified 1 0 0

170-175 Bone, Connective Tissue, Skin and Breast f
170.9 Bone and Articular Cartilage, Unspecified 0 0 1
171.3 Connective, Soft Tissue, Lower Limb, Hip 1 0 0
171.8 Connective, Soft Tissue, Other 0 0 1
171.9 Site Unspecified 0 0 1
172.5 Skin, Trunk 0 0 1
172.9 Skin, Unspecified 0 2 8

179-189- Genitourinary Organs
185.0 Prostate 0 0 1
188.9 Bladder, Unspecified 0 1 2
189.0 Kidney, Except Pelvis 1 3 5

190-199 Other and Unspecified Sites
191.1 Brain, Frontal Lobe 0 1 1
191.7 Brain Stem 0 0 2
191.9 Brain, Unspecified 1 3 12
195.0 Head, Face and Neck 0 2 3
197.5 Large Intestine and Rectum 0 0 1
199.0 Disseminated, Unspecified 0 0 1
199.1 Other, Unspecified 1 2 18

200-?08 Lymphatic and Haematopoietic Tissue
200.1 Lymphosarcoma 0 1 1
200.8 Reticulolymphosarcoma 0 0 1
201.9 Hodgkin's Disease, Unspecified 0 2 2
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TABLE 47 (Cont'a)

Group Cumulative Site-Specific Neoplasm Mortality

Number of Deaths

Ranch All
Category Hand CI-CS Comp

200-208 Lymphatic and Haematopoietic Tissue
202.8 Other Lymphomas 0 1 6
203.0 Multiple Myeloma 0 0 4
204.0 Acute Lymphoid Leukaemia 0 0 1
204.1 Chronic Lymphoid Leukaemia 0 0 1
204.9 Lymphoid Leukaemia, Unspecified 0 0 1
205.0 Acute Myeloid Leukaemia 0 1 2
206.0 Acute Monocytoid Leukaemia 0 0 1
207.8 Lymphosarcoma Cell Leukaemia 0 0 1
208.0 Acute Leukaemia, Unspecified 0 0 1

210-229 Benign Neoplasms
213.0 Bones of Skull and Face 0 1 1

239 Neoplasms of Unspecified Nature
239.6 Neoplasm, Brain, Unspecified 0 2 2

Total 12 83 229

Site specific summaries of malignant neoplasm deaths occurring during 1986
are shown in Table 48. The corresponding summary for 1987 is shown in Table 49.
Site-specific summaries of malignant neoplasm deaths occurring 1983, 1984. and
1985 are shown in the Appendix.

TABLE 48

Group Site-Specific Malignant Neoplas1.. Mortality for 1986

Number of Deaths

Ranch All
Category Hand C1-C5 Comp

150-159 Digestive Organs and Peritoneum
150.3 Oesophagus, Upper Third 0 1 1
150.9 Oesophagus, Unspecified 1 1 2
151.9 Stomach, Unspecified 0 0 1
153,9 Colon, Unspecified 0 3 7
157.9 Pancreas, Unspecified 1 0 0

160-165 Respiratory and Intrathoracic Organs
162.9 Bronchus and Lung, Unspecified 0 4 12

170-175 Bone, Connective Tissue, Skin and Breast
172.9 Skin, Unspecified 0 1 3
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TA3LE 48 (Cnt'd)

Group Site-Specific Malignant Neoplasm Mortality for 1985

1ummer of Deaths

Ranch All

Category Hand CI-CS Ccmp

179-189 Genitourinary Organs
183.9 Bladder, Unspecified 0 1 1

190-199 Other and Unspecified Sites
191.9 Brain, Unspecified 1 0 1

199.1 Other, Unspecified 0 0 2

Total 3 11 30

TABLE 49

Group Site-Specific Malignant Neoplasm Mortality for 1987

Number of Deaths

Ranch All
Category Hand Cl-CS Comp

140-149 Lip, Oral Cavity and Pharynx
144.9 Floor of Mouth, Unspecified 0 1 1
145.9 Mouth, Unspecified 0 1 1
148.1 Pyriform Sinus 0 0 1

150-159 Digestive Organs and Peritoneum
151.9 Stomach, Unspecified 0 1 2
153.9 Colon, Unspecified 0 1 2
154.1 Rectum 0 0 1
154.3 Anus, Unspecified 0 0 1
157.9 Pancreas, Unspecified 0 0 1

160-165 Respiratory and Intrathoracic Organs
162.2 Main Bronchus 0 0 1
162.4 Middle Lobe, Bronchus or Lung 0 1 1
152.9 Bronchus and Lung, Unspecified 1 4 10

170-175 Bone, Connective Tissue, Skin and Breast
171.3 Connective, Soft Tissue, Lower Limb, Hip 1 0 0
171.9 Site Unspecified 0 0 1
172.9 Skin, Unspecified 0 0 1

179-189 Genitourinary Organs
189.0 Kidney, Except Pelvis 0 0 1

190-199 Other and Unspecified Sites
191.7 Brain Stem 0 0 1
191.9 Brain, Unspecified 0 0 2
199.1 Other, Unspecified 0 1 1
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TABLE 49 (Cont'd)

Group Site-Specific Malignant Neoplasm Mortality for 1987

Number of Deaths

Ranch All
Category Hand Cl-CS Comp

200-208 Lymphatic and Haematopoietic Tissue
202.8 Other Lymphomas 0 0 1
204.9 Lymphoid Leukaemia, Unspecified 0 0 1
208.0 Acute Leukaemia, Unspecified 0 0 1

210-229 Benign Neoplasms
213.0 Bones of Skull and Face 0 1 1

Total 2 11 33

Table 47 shows that the malignant neoplasm deaths appear to be widely
distributed by site with approximately one-t.)ird (33.) occurring in the lung in
all three groups. Within-year patterns, shown in Tables 48 and 49 and Appendix
Tables 7 through 9, also appear to be similarly distributed.

The morphology of cumulative malignant neoplasm deaths is summarized in
Table 50.

TABLE 50

Morphology of Cumulative Malignant Neoplasm Deaths by Group

Number of Deaths

Ranch All
Category Hand C1-C5 Comp

M800 Neoplasms NOS
140-149 Lip, Oral Cavity and Pharynx 0 0 1
150-159 Digestive Organs and Peritoneum 1 8 20
160-165 Respiratory and Intrathoracic Organs 2 15 32
179-189 Genitourinary Organs 0 1 3
190-199 Other and Unspecified Sites 1 2 13
235-238 Neoplasms, Uncertain 0 1 1

M801-M804 Epithelial Neoplasms NOS
140-149 Lip, Oral Cavity and Pharynx 0 2 3
150-159 Digestive Organs and Peritoneum 1 4 13
160-165 Respiratory and Intrathoracic Organs 2 13 38
179-189 Genitourinary Organs 1 1 2
190-199 Other and Unspecified Sites 1. 2 6

M805-M808 Papillary and Squamous Cell Neoplasms
140-149 Lip, Oral Cavity and Pharynx 0 4 7
150-159 Digestive Organs and Peritoneum 0 1 1
160-165 Respiratory and Intrathoracic Organs 0 2 6
190-199 Other and Unspecified Sites 0 1 2

M814-M838 Adenomas and Adenocarcinomas
150-159 Digestive Organs and Peritoneum 1 7 16
160-165 Respiratory and Intrathoracic Organs 0 4 7
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TABLE 50 (Cont'd)

Morphology of Cumulative Malignant Neoplasm Deaths by Group

Numcer of Deaths

2arch All
Category Hand CI-CS Ccmp

M814-M838 Adenomas and Adenocarcinomas
179-189 Genitourinary Organs 0 2 3
190-199 Other and Unspecified Sites 0 0 3

M856-M858 Complex Epithelial Neoplasms190-199 Other and Unspecified Sites 0 0 1
M872-M879 Naevi dnd Melanomas

160-165 Respiratory and Intrathoracic Organs 1 0 0
170-175 Bone, Connective Tissue, Skin and Breast 0 2 9

M881-M883 Fibromatous Neoplasms
170-175 Bone, Connective Tissue, Skin and Breast 1 0 0

M885-M888 Lipotamous Neoplasms
170-175 3one, Connective Tissue, Skin and Breast 0 0 1

M905 Mesothelial Neoplasms
160-165 Respiratory and Intrathoracic Organs 0 1 2

MO96-M909 Germ cell Neoplasms
190-199 Other and Unspecified Sites 0 0 1

M921-M924 Chondromatous Neoplasms
210-229 Benign Neoplasms 0 1 1

M926 Miscellaneous Brain Tumors
170-175 Bone, Connective Tissue, Skin and Breast 0 0 1

M935-M937 Miscellaneous Tumors
239 Neoplasms of Unspecified Nature 0 1 1

M938-M948 Gliomas
190-199 Other and Unspecified Sites 0 3 12

M949-M952 Neuroepitheliomatous Neoplasms
170-175 Bone, Connective Tissue, Skin and Breast 0 0 1

M959-M963 Lymphomas NOS or Diffuse
2C0-208 Lymphatic and Haematopoietic Tissue 0 1 7

M964 Reticulosarcomas
200-208 Lymphatic and Haematopoietic Tissue 0 1 1

M965-M966 Hodgkin's Disease
200-208 Lymphatic and Haematopoietic Tissue 0 2 2

M973 Plasma Cell Tumors
200-208 Lymphatic and Haematopoietic Tissue 0 0 4

M980 Leukaemia NOS
200-208 Lymphatic and Haematopoietic Tissue 0 0 1

,982 Lymphoid Leukaemias
200-208 Lymphatic and Haematopoietic Tissue 0 0 3

M985 Lymphosarcoma Cell Leukaemias
200-208 Lymphatic and Haematopoietlc Tissue 0 0 1

M986 Myeloid Leukaemias
200-208 Lymphatic and Haematopoietlc Tissue 0 1 2

M989 Monocytic Leukaemias
2UO-2U8 Lymphatic and Haematopoietic Tissue 0 0 1

Total 12 83 229
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TJDIles 51 and 52 show morphology of malignant neoplasm deaths occurring
during 1986 and 1937.

TABLE 51

Morphology of Malignant Neoplasm Deaths by Group for 1986

Number of Deaths

Ranch All
Category Hand C1-C5 Comp

MSO0 Neoplasms NOS
150-159 Digestive Organs and Peritoneum 1 3 8
160-165 Respiratory and Intrathoracic Organs 0 4 6
179-189 Genitourinary Organs 0 1 1
190-199 Other and Unspecified Sites 1 0 1

M801-M804 Epithelial Neoplasms NOS
150-159 Digestive Organs and Peritoneum 0 0 1
160-165 Respiratory and Intrathoracic Organs 0 0 5

M805-M808 Papillary and Squamous Cell Neoplasms
150-159 Digestive Organs and Peritoneum 0 1 1
160-165 Respiratory and Intrathoracic Organs 0 0 1

M814-M838 Adenomas and Adenocarcinomas
150-159 Digestive Organs and Peritoneum 1 1 1
190-199 Other and Unspecified Sites 0 0 1

M872-M879 Naevi and Melanomas
170-175 Bone, Connective Tissue, Skin and Breast 0 1 3

M938-M948 Gliomas
190-199 Other and Unspecified Sites 0 0 1

Total 3 11 30

TABLE 52

Morphology of Malignant Neoplabm Deaths by Group for 1987

Number of Deaths

Ranch All
Category Hand Cl-C5 Comp

M800 Neoplasms NOS
150-.59 Digestive Organs and Peritoneum 0 0 1
160 165 Respiratory and Intrathoracic Organs 1 2 3
179-189 Genitourinary Organs 0 0 1

M801-M804 Epithelial Neoplasms NOS
150-159 Digestive Organs and Peritoneum 0 1 5
160-165 Respiratory and Intrathoracic Organs 0 2 6
190-199 Other and Unspecified Sites 0 1 2

M805-M808 Papillary and Squamous Cell Neoplasms
140-149 Lip, Oral Cavity and Pharynx 0 2 3
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TABLE 52 (Cont'd)

M lorphology of Malignant Neoplasm Deaths by Group for 1987

Number of Deaths

Ranch All
Category Hand C1-CS Ccmp

M814-M838 Adenomas and Adenocarcinomas
150-159 Digestive Organs and Peritoneum 0 1 1
160-165 Respiratory and Intrathoracic Organs 0 1 3

M872-M879 Naevi and Melanomas
170-175 Bone, Connective Tissue, Skin and Breast 0 0 1

M881-M883 Fibromatous Neoplasms
170-175 Bone, Connective Tissue, Skin and Breast 1 0 0

M885-M888 Lipotamous Neoplasms
170-175 Bone, Connective Tissue, Skin and Breast 0 0 1

M921-M924 Chondromatous Neoplasms
210-229 Benign Neoplasms 0 1 1

M938-M948 Gliomas
190-199 Other and Unspecified Sites 0 0 2

M959-M963 Lympnomas NOS or Diffuse
200-208 Lymphatic and Haematopoietic Tissue 0 0 1

M980 Leukaemia NOS
200-208 Lymphatic and Haematopoietic Tissue 0 0 1

M982 Lymphoid Leukaemias
200-208 Lymphatic and Haematopoietic Tissue 0 0 1

Total 2 11 3Z

With regard to morphology, the 12 Ranch Hand malignant neoplasm deaths
appear widely distributed and as expected relative to the mortality experience
of all Comparisons, both cumulatively (Table 50) and within calendar year
(Tables 51 and 52 and Appendix Tables 10 through 12).

In summary, an elaboration of Ranch Hand and Comparison digestive deaths
by site and malignant neoplasm deaths by site and morphology revealed no
unusual pattern of Ranch Hand deaths relative to the mortality experience of
all Comparisons.
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5. RANCH HAND EXPOSURE ANALYSES

The exposure of a Ranch Hand to dioxin has been estimated as being propor-
tional to the number of gallons sprayed and inversely proportional to the number
of 7,en in the subject Ranch Hand's occupational category during his tour. This
index has been categorized to "low", "medium" and "high" levels and has been
considered a surrogate for a direct body measurement of exposure. Actual body
burdens of dioxin are currently being determined for 2000 of the participants
in the morbidity phase of this study, but this procedure is not feasible for use
in the mortality phase. The effect of dioxin exposure on Ranch Hand mortality
was assessed within the Ranch Hand group via loglinear analysis. Additionally,
the one-sample person-years approach has been applied to assess whether the
Ranch Hand versus all Comparison mortality contrast changes with levels of
dioxin exposure within the Ranch Hands.

The loglinear analysis included rank (Officer, Enlisted), tour (early,
late), exposure (low, medium, hiah) and mortality (dead, alive). The data are
summarized in Table 53.

TABLE 53

Survival versus Air Force Exposure Index Levels within
the Ranch Hands with Adjustment for Rank and Tour

Exposure

Rank Tour Survival Low Medium High Total

Officer Early Dead 3 9 9 21
Alive 54 106 137 297

Total 57 115 146 318

Late Dead 4 1 0 5

Alive 91 33 20 144

Total 95 34 20 149

------------------------------------ m-----------

Enlisted Early Dead 11 11 18 40
Alive 104 226 197 527

Total 115 237 215 567

Late Dead 6 2 0 8
Alive 143 36 40 219

Total 149 38 40 227

There is no significant association between exposure level and mortality
in these data with (P=0.51) or without (P=0.82) adjustment fcr rank and tour
date. There is a strong marginal association between tour date and exposure
(P<.O01) which is expected because the spraying was more intense during late
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tours tnan during early tours. Prior to 1965, only 3 aircraft were assigned
to the Ranch Hand mission and this number increased to 36 by 1968.

The one-sample person-years dnalysis was carried out within each level of
rank (Officer, Enlisted) to assess whether the Ranch Hand versus all Comparison
iortality contrast changed with levels of exposure. Person-years were computed
frcm tour start date. The results are summarized in Table 54.

TABLE 54

Ranch Hand Exposiire within Officers and within Enlisted
One-sample Person-years Assessment Relative to

All Comparisons

Analysis within the Officers

Adj us ted
Number of Expected Adjusted

Exposure Deaths Deaths SMR

Low 7 7.52 0.93
Medium 10 10.16 0.98
High 9 9.69 0..93

Contrast Relative Risk P-value

Medium versus Low and High 1.06 0.91
High versus Low and Medium 1.00 1.00

Analysis within the Enlisted Personnel

Adjusted
Number of Expected Adjusted

Exposure Deaths Deaths SMR

Low 17 14.70 1.16
Medium 13 13.78 0.94
High 18 17.56 1.03

Contrast Relative Risk P-value

Medium versus Low and High 0.82 0.58
High versus Low and Medium 0.89 0.72

Both the loglinear and one-sample person-year analysis fail to reveal any
relationship between mortality and the exposure index.

Unpublished dioxin assay results suggest that the Air Force exposure index
is not a valid measure of exposure to TCDD. The relationship between this index
and dioxin body burden in living Ranch Hands will be described in a forthcoming
report.
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6. CONCLUSION

An evaluation of total and cause-spet fic mortality revealed no statisti-
cally significant differences between Ranc. Hands and Cl-CS Comparisons or all
Comparisons. The many non-cause specific anaiyses are summarized in Table 55,
which displays the results of only the most fully adjusted one and two-sample
analyses.

TABLE 55

Non-cause Specific Summary

Odds Ratio (or SMR) and 95% Confidence Interval

Ranch Hand Ranch Hand
Analysis versus C1-C5 versus All Comp

Two-sample
Logistic reg-discrete 1.00 (0.88, 1.14) ****
Logistic reg-continuous 1.00 (0.87, 1.14) 1.00 (0.88, 1.13)

One-sample SMR, adjusted 1.01 (0.80, 1.26)

None of the odds ratios, or the one-sample SMR, reported in Table 55 are
statistically different from unity. The two-sample logistic regression analysis
with continuous covariates was adjusted for rark, occupation, date of birth and
tour start date, with date of birth and tour itart date continuously distrib-
uted. The two-sample logistic regression analysis with discrete covariates
was adjusted for rank, occupation, date of birth and tour start date, with date
of birth dichotomized at 1 January 1935 and tour start date dichotomized at
2 October 1968. The one-sample SMR analysis was adjusted for rank, occupation,
date of birth and calendar time in 5 ycar intervals, and survival time via
person-years. Interactions were investigated in the one and two-sampte analyses
by including all pairwise covariate by covariate interactions in each model.
Date of birth contributed signifl antly (P<O.O01) to the fit of the model in
all two-sample non-:ause specific analyses.

In the single observed covariate by survival by group interaction, indi-
cated with asterisks in Table 55, there was a significant group by survival by
tour date (early, late) interaction due to a change in the group by survival
odds ratio with levels of tour. Early tours were defined as those having a
tour start date before 1 October 1968; late tours were defined as those starting
after that date. For veterans with iarly tours, the adjusted odds ratio was
1.10 and the adjusted odds ratio for late tours was 0.93. T',is interaction
was not detected in any of the other discrete or continuous adjusted analyses
and indicates a reduced Ranch Hand risk of death in late tours and a slightly
higher risk of death in early tours. Further, if tour is trichotomized, the
interaction is not significant and the pattern of odds ratios is not suggestive
of an exposure effect. This interaction remains unexplained at this time.
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Tne adjusted cause specific analyses are sunmarized in Table 56. Only
dccidental, malignant neoplasm and circulatory deaths were numerous enough to
permit adjusted analyses. None of the adjusted odds ratios shown in Table 56
are statistically different from unity.

TABLE 56

Adjusted Odds Ratio, Cause-specific Summary
Ranch Hand versus Cl-C5 and All Comparison

Accid:ntal, Malignant Neoplasm and Circulatory Deaths

Cl-Cs All Comparison
Two-sample TwZ-sample One-sample

Cause Disc Cent Disc Cent

Accidental 1.02 1.02 1.05 1.05 1.16
Necplasmas, malignant 0.85 0.85 0.82 0.83 0.70
Circulatory system 1.07 1,.07 1.06 1.05 1.09

The Ranch Hand digestive system death rate was significantly elevated
relative to that of all Comparisons (unadjusted SMR a 2.7, P=0.01). However,
5 of the 6 Ranch Hand digestive system deaths were attributable to alcohol
consumption and, therefore, this f'nding is considered unrelated to herbicide
exposure.

Two statistically significant interactions reported in the 1984 update
were also investigated with current data. The first, a group by survival by
date of birth interaction, was no-t statistically significant ir. any analysis
of Ranch Hands versus C1-C5 Comparison mortality or versus all Comparison mor-
tality. A second interaction reported in the 19d4 update, a significant group
by survival-to-age-35 by rank interaction, remaired statistically significant
in Ranch Hand and C1-C5 mortality data and appears to be due to an excess of
non-diseasc deaths in Ranch Hand officers under the age of 35. The observed
iumber of such deaths in that cell is 7 and the expected number is 3. Of the
seven deaths, 6 were accidental and one was a suicide. The same interaction
was not statistically significant In the curresponding Ranch Hand versus all
Comparison analysis or in similar analyses restricted to accidents. Toese
patterns seem unrelated to herbicide exposure and are probably spurious.

Statistically significant increasing trends in the SMR, relative to the
mortality experience of all Comparisons, during the years 1983 through 1987
were noted in flying officers, flyers, officers, and all personnel. The trends
in flyers, officers and all personnel are attributed to the increasing trend
among flying officers wherein the calendar year-specific SMR's were 0.00 in,
1983, 0.59 in 1984, 0.69 in 1985, 2.80 in 1986 and 1.7! in 1987. This pattern
is due to unusually low Ranc0 Hand death rates prior to 1986 and increased
number of Ranch Hand circulatory and malignant neoplasms deaths during 1986 and
1987. However, Ranch Hand malignant neoolasm deaths in this stratum during 1986
and 1987 are not restricted to a particular anatomic site or morphology, as
might be expected if dioxin was exerting a direct effect on malignant disease.
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Additionally, current TCDD assay results suggest that flying officers were among
the least exposed of all Ranch Hand personnel. These trends were not assessed
relative to the Air Force exposure index due to data sparseness. Although they
are not suggestive of a herbicide effect, these results remain unexplained at
this time and emphasize the need for continued surveillance.

An analysis of Ranch Hand mortality versus dioxin exposure, as estimated
by the Air Force exposure index, revealed no association between mortality and
exposure.

In conclusion, the overall cumulative mortality of the Ranch Hands remains
statistically indistinguishable from that of both their matched. Comparisons and
the entire Comparison population, although there is a statistically significant
increasing trend in post-1983 death rates among Ranch Hand flying officers and
a statistically significant increase in Ranch Hand digestive system deaths
relative to the Comparison population; these findings are not suggestive of a
herbicide effect. Ranch Hands are equivalent to all Comparisons in cumulative
accidental, malignant neoplasm and ci rcul atory system mortal ity.
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APPENDIX

Figure I

Survival Curve Estimates All Ranch Hands and
Cl-C5 Comparisons Survival from Birth
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Ei'jure 3
Survival Curve Estimates
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•i ure 5

Survival Curve Estimates
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Figure 3

Survival Curve Estimates Ranch Hand and
All Ccmparison Flying Personnel Survival from 3irth
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Figure 10
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Figure 12

stri iva1 Curve Estimates
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Figure 12
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Fiure 13
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Figure 14
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Figure 16

monparametric Survi-al Curve Estimates
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'Figure 17

lloncarsmetric Survival Curve Eýstimates
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Figure 18

Nonparametric Survival Curve Estimates
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Fi ure 19

Ionoarametric Survival Curve Estiiates
lanch Hand and All CInoarison Flying Personnel
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Figure 20

Nonparametric Survival Curve Estimates
Ranch Hand and All Comparison Nonflying Personnel
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F4 lure 21

'lhnvarametric Survival Curve Estimates
All 'ancrh Hands and CI-CS Comparisons
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Figure 22

Nonparametrlc Survival Curve Eztimates
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Figure 24

Nonparametric Survival Curve Estimates
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Fiaure 29

Norparametric Survival Curve Estimates
Ranch Hand and All Comodrison Flying Personnel
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Figure 31

LogC-Log(Survlval)] versus Time
All Ranch Hinds and (l-CS Ccnparisons

Date of Birth Before and After 1 January 1935
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In Figure 31, TIME labels time since start of tour, measured in months.
The lotwer curve is log[-log(survival)j for participants born before 1935; the
upper curve is the corresponding plot for participants born after 1935. On
the vertical axis, LAMBDA labels cumulative hazard, equal to -log(survival).

104



TABLE I

Deaths During 1983

Sunviary Counts by Rank dnd Group

Flying Officers

Number Number Rate Person- Rate Per 1000
Group At Risk Deaths (%) years Person-years

Ranch Hand 427 0 0.00 427 0.00
CI-CS 2089 3 0.14 2088 1.44
All Comp 5033 22 0.44 5021 4.38

Enlisted Flyers

Number Number Rate Person- Rate Per 1000
Group At Risk Deaths (%) years Person-years

Ranch Hand 199 1 0.50 199 5.03
cl-Cs 979 6 0.61 976 6.15
All Comp 2697 14 0.52 2689 5.21

All Flyers

Number Number Rate Person- Rate Per 1000
Group At Risk Deaths (%) years Person-years

Ranch Hand 626 1 0.16 626 1.60
C1-CS 3068 9 0.29 3064 2.94
All Comp 7730 36 0.47 7710 4.67

Nonflying Officers

Number Number Rate Person- Rate Per 1000
Group At Risk Deaths M years Person-years

Ranch Hand 25 0 0.00 25 0.00
C1-C5 121 0 0.00 121 0.00
All Comp 279 0 0.00 279 0.00
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TALLE I (Cont'd)

Deaths During 1983

Summary Counts by Rank and Group

?lonflying Enlisted

Number Number Rate Person- Ratn Per ICCO
Group At Risk Deaths (%) years Person-years

Ranch Hand 559 2 0.36 558 3.58
CI-Cs 2305 6 0.21 2802 2.14
All Comp 10405 23 0.22 10394 2.21

All Nonflyers

Number Number Rate Person- Rate Per 1000
Group At Risk Deaths (%) years Person-years

Ranch Hand 584 2 0.34 533 3.43
CI-CS 2926 6 0.21 2923 2.05
All Comp 10684 23 0.22 10673 2.16

All Personnel

Number Number Rate Person- Rate Per 1000
Group At Risk Deaths (M) years Person-years

Ranch Hand 1210 3 0.25 1209 2.48
Cl-Cs 5994 15 0.25 5987 2.51
All Comp 18414 59 0.32 1838Z 3.21

TABLE 2

Deaths During 1984

Summary Counts by Rank and Group

Flying Officers

Number Number Rate Person- Rate Per 1000
Group At Risk Deaths (%) years Person-years

Ranch Hand 427 1 0.23 426 2.35
C1-C5 2086 7 0.34 2083 3.36
All Comp 5011 20 0.40 5002 4.00
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7
TABLE 2 (Cont'd)

Deaths During 1984

Enlisted Flyers

Numbe r NuLber Rite Person- Rate Per ICCO
Group At Risk Deaths (%) years Person-years

Ranch Hand 198 0 0.C0 198 0.00
C1-C5 973 6 0.52 971 6.18
All Comp 2683 12 0.45 2679 4.48

All Flyers

Number Number Rate Person- Rate Per 1000
Group At Risk Deaths (%) years Person-years

Ranch Hand 625 1 0.16 624 1.50
C1-C5 3059 13 0.42 3054 4.26
All Comp 7694 32 0.42 7681 4.17

Nonflying Officers

Number Number Rate Person- Rate Per 1000
Group At Risk Deaths (M) years Person-years

Ranch Hand 25 0 0.00 25 0.00
CI-CS 121 0 0.00 121. 0.00
All Comp 279 1 0.36 278 3.59

Nonflying Enlisted

Pumber Number Rate Persoi.- Rate Per 1000
Group At Risk Deaths (%) years Person-years

Ranch Hand 557 0 0.00 557 0.00
C1-C5 2799 9 0.32 2796 3.22
All Comp 10382 35 0.34 10365 3.38
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TABLE 2 (Cont'c)

Deaths During 1984

All Nonflyers

Number Number Rate Person- Rate Per ICCO
Group At Risk Deaths (') years Person-years

Ranch Hand 582 0 0.00 582 O.0O
C1-C5 2920 9 0.31 2917 J.09
All Comp IC';61 36 0.34 10544 3.38

All Personnel

Number Number Rate Person- Rate Per 1000
Group At Risk Deaths (%) years Person-years

Ranch Hand 1207 1 0.08 1206 0.83
C1-C5 5979 22 0.37 5970 3.68All Comp 18355 68 0.37 18325 3.71

TABLE 3

Deaths During 1985

Summary Counts by Rank and Group

Flying Officers

Numb~r Number Rate Person- Rate Pet- 1000
Group At Risk Deaths (W) years Person-years

Ranch Hand 426 1 0.23 425 2.35
C1-C5 2079 10 0.48 2076 4.32
All Comp 4991 17 0.34 4986 3.41

Enlisted Flyers

Number Number Rate Peoson- Rate Per 1000
Group At Risk Deaths (W) years Person-years

Ranch Hand 198 1 0.51 197 5.07
C1-C5 967 4 0.41 965 1.14All Comp 2671 12 0.45 2665 4.50
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TABLE 3 (Cont'd)

Deaths During 1985

All Flyers

Number Number Rate Person- Rate Per 1000
Group At Risk Deaths (%) years Person-years

Ranch Hand 624 2 0.32 623 3.21
C1-C5 3046 14 0.46 3041 4.60
All Comp 7662 29 0.38 7651 3.79

Nonflying Officers

Number Number Rate Person- Rate Per 1000
Group At Risk Deaths (M) years Person-years

Ranch Hand 25 0 0.00 25 0.00
Cl-Cs 121 0 0.00 121 0.00
All Comp 278 1 0.36 277 3.61

Nonflying Enlisted

Number Number Rate Person- Rate Per 1000
Group At Risk Deaths (%) years Person-years

Ranch Hand 557 2 0.36 557 3.59
Cl-C5 2790 14 0.50 2783 5.03
All Comp 10347 41 0.40 10327 3.97

All Nonflyers

Number Number Rate Person- Rate Per 1000
Group At Risk Deaths (%) years Person-years

Ranch Hand 582 2 0.34 582 3.44
C1-C5 2911 14 0.48 2904 4.82
All Comp 10625 42 0.40 10604 3.96

All Personnel

Number Number Rate Person- Rate Per 1000
Group At Risk Deaths (%) years Person-years

Ranch Hand 1206 4 0.33 1204 3.32
Cl-C5 5957 28 0.47 5945 4.71All Comp 18287 71 0.39 18255 3.89
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TABLE 4

Deaths and Death Rates by Cause and Group for 1983

Flying Officers
All

Ranch Hand Cl-C5 Compari son
No. Rate No. Rate No. Rate

Accidental 0 O.OC 0 0.00 3 0.60
Suicide 0 0.00 1 0.48 2 0.40
Infections, Parasitic 0 0.00 1 0.48 1 0.20
Neoplasm, Malignant 0 0.00 1 0.48 8 1.59
Nervous System 0 0.00 0 0.00 1 0.20
Circulatory System 0 0.00 0 0.00 7 1.39

Total 0 3 22

Enlisted Flyers

All
Ranch Hand Cl-CS Comparison
No. Rate No. Rate No. Rate

Accidental 0 0.00 0 0.00 2 0.74
Suicide 0 0.00 1 1.02 2 0.74
Neoplasm, Malignant 0 0.00 2 2.05 3 1.12
Circulatory System 0 0.00 1 1.02 5 1.86
Respiratory System 0 0.00 1 1.02 1 0.37
Digestive 0 0.00 1 1.02 1 0.37
Ill-Defined 1 5.03 0 0.00 0 0.00

Total 1 6 14

All Flyers

All
Ranch Hand Cl-C5 Comparison
No. Rate No. Rate No. Rate

r -

Accidental 0 0.00 0 0.00 5 0.65
Suicide 0 0.00 2 0.65 4 0.52
Infections, Parasitic 0 0.00 1 0.33 1 0.13
Neoplasm, Malignant 0 0.00 3 0.98 11' 1.43
Nervous System 0 0.00 0 0.00 1 0.13
Circulatory System 0 0.00 1 0.33 12 1.56
Respiratory System 0 0.00 1 0.33 1 0.13
Digestive 0 0.00 1 0.33 1 0.13
Ill-Defined 1 1.60 0 0.00 0 0.00

Total 1 9 36
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TABLE 4 (Cont'd)

Deiths and Death Rates by Cause and Group for 1983

Jonflying Officers

All
Ranch Hand C1-C5 Comparison
No. Rate No. Rate No. Ratp

Total 0 0 0

Nonflying Enlisted

All
Ranch Hand CI-C5 Comparison
No. Rate No. Rate No. Rate

Accidental 0 0.00 0 0.00 4 0.38
Suicide 0 0.00 0 O.nO 1 0.10
Homicide 0 0.00 1 0.36 1 0.10
Infections, Parasitic 0 0.00 0 0.00 1 0.10
Neoplasm, Malignant 2 3.58 I 0.36 2 0.19
Nervous System 0 0.00 0 0.00 1 0.10
Circulatory System 0 0.00 3 1.07 11 1.06
Digestive 0 0.00. 1 0.36 2 0.19

Total 2 6 23

All Nonflyers

All
Ranch Hand Cl-C5 Comparison
No. Rate No. Rate No. Rate

Accidental 0 0.00 0 0.00 4 0.37
Suicide 0 0.00 0 0.00 1 0.09
Homicide 0 0.00 1 0.34 1 0.09
Infections, Parasitic 0 0.00 0 0.00 1 0.09
Neoplasm, Malignant 2 3.43 1 0.34 2 0.19
Nervous System 0 0.00 0 0.00 1 0.09
Circulatory System 0 0.00 3 1.03 11 1.03
Digestive 0 0.00 1 0.34 2 0.19

Total 2 6 23



TABLE 4 (Cont'd)

Deaths and Death Rates by Cause and Group for 1983

All Personnel

All
Ranch Hand CI-Cs Comparison
No. Rate ",0o. Rate No. Rate

Accidental 0 0.00 0 0.00 9 0.49
Suicide 0 0.00 2 0.33 5 0.27
Homicide 0 0.00 1 0.17 1 0.05
Infections, Parasitic 0 0.00 1 0.17 2 0.11
Neoplasm, Malignant 2 1.65 4 0.67 13 0.71
Nervous System 0 0.00 0 0.00 2 0.11
Circulatory System 0 0.00 4 0.67 23 1.25
Respiratory System 0 0.00 1 0.17 1 0.05
Digestive 0 0.00 2 0.33 3 0.16
IIl-Defined 1 0.83 0 0.00 0 0.00

Total 3 15 59

TABLE 5

Deaths and Death Rates by Cause and Group for 1984

Flying Officers

All1
Ranch Hand Cl-Cs Comparison
No. Rate No. Rate No. Rate

Accidental 0 0.00 1 G.48 3 0.60
Suicide 0 0.00 2 0.96 2 0.40
Neoplasm, Malignant 0 0.00 2 0.96 7 1.40
Circulatory System 1 2.35 1 0.48 5 1.00
Respiratory System 0 0.00 1 0.48 1 0.20
Digestive 0 0.00 0 0.CO 1 0.20
Ill-Defined 0 0.00 0 0.00 1 0.20

Total 1 7 20
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TABLE 5 (Cont'd)

Deaths and Death Rates by Cause and Group for 1984

Enlisted Flyers

All
Ranch Hand Cl-Cs Comparison
No. Rate No. Rate No. Rate

Accidental 0 0.00 1 1.03 1 0.37.
Suicide 0 0.00 0 0.00 1 0.37
Homicide 0 0.00 1 1.03 1 0.37
Neoplasm, Malignant 0 0.00 3 3.09 4 1.49
Circulatory System 0 0.00 0 0.00 2 0.75
Respiratory System 0 0.00 1 1.03 1 0.37
Digestive 0 0.00 0 0.00 1 0.37
Unknown 0 0.00 0 0.00 1 0.37

Total 0 12

All Flyers

AllRanch Hand Cl-Cs Comparison
No. Rate No. Rate No. Rate

Accidental 0 0.00 2 0.65 4 0.52Suicide 0 0.00 2 0.65 3 0.39
Homicide 0 0.00 1 0.33 1 0.13Neoplasm, Malignant 0 0.00 5 1.64 11 1.43
Circulatory System 1 1.60 1 0.33 7 0.91
Respiratory System 0 0.00 2 0.65 2 0.26
Digestive 0 0.00 0 0.00 2 0.26
Ill-Defined 0 0.00 0 0.00 1 0.13
Unknown 0 0.00 0 0..00 1 0.13

Total 1 13 32

Nonflying Officers

All
Ranch Hand C1-C5 Comparison
No. Rate No. Rate No. Rate

Suicide 0 0.00 0 0.00 1 3.59

Total 0 0 1
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TABLE 5 (Cont'd)

Deaths and Death Rates by Cause and Group for 1984

Nonflying Enlisted

All
Ranch Hand CI-CS Comparison
No. Rate No. Rate No. Rate

Accidental 0 0.00 0 0.CO 6 0.58
Suicide 0 0.00 1 0.36 4 0.39Neoplasm, Malignant 0 0.00 3 1.07 9 0.87Nervous System 0 0.00 0 O.CO 1 0.10Circulatory System 0 0.00 5 1.79 15 1.45

Total 0 9 35

All Nonflyers

All
Ranch Hand Cl-CS Comparison
No. Rate No. Rate No. Rate

Accidental 0 0.00 0 O.CO 6 0.56Suicide 0 0.00 1 0.34 5 0.47Neoplasm, Malignant 0 0.00 3 1.03 9 0.85
Nervous System 0 0.00 0 0.CO 1 0.09
Circulatory System 0 0.00 • 5 1.71 15 1.41

Total 0 9 36

All P, rsonnel
All

Ranch Hand. Cl-CS Comparison
No. Rate No. Rate No. Rate

Accidental 0 0.00 2 0.33 10 0.55Suicide 0 0.00 3 0.50 8 0.44Homicide 0 0.00 1 0.17 1 0.05Neoplasm, Malignant 0 0.00 8 1.34 20 1.09
Nervous System 0 0.00 0 0.00 1 0.05Circulatory System 1 0.83 6 1.00 22 1.20Respiratory System 0 0.00 2 0.33 2 0.11Digestive 0 0.00 0 0.00 2 0.11
Ill-Defined 0 0.00 0 0.00 1 0.05
Unknown 0 0.00 0 0.00 1 0.05

Total 1 22 68
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TA3LE 6

e-aths and Death Rates by Cause and Group for 1985

Flying Officers

All
Ranch Hand Cl-CS Compari son
No. Rate No. Rate lo. Rate

Accidental' 0 0.00 2 0.95 3 0.60
Neoplasm, Malignant 1 2.35 3 1.:5 5 1.00
Circulatory System 0 0.40 4 1.93 8 1.60
uigestive 0 0.00 1 0.48 1 0.20

Total 1 10 17

Enlisted Flyers

All
Rinch Hand CI-CS Comparison
No. Rate No. Rate No. Rate

Accidental 0 0.00 0 0.00 3 1.13
Neoplasm, Malignant 0 0.00 0 0.00 4 1.50
Endocrine 0 0.00 1 1.04 1 0.38
Circulatory System 0 0.00 1 1.04 1 0.38
Digestive 1 5.07 1 1.04 2 0.75
Congenital Anomalies 0 0.00 1 1.04 1 0.38

Total 1 4 12

All 91yers

All
Ranch Hand Cl-Cs Comparison
No. Rate No. Rate No. Rate

Accidental 0 0.00 2 0.66 6 0.78
Neoplasm, Malignant 1 1.61 3 0.99 9 1.18
Endocrine 0 0.00 1 0.33 1 0.13
Circulatory System 0 0.00 5 1.64 9 1.18
Digestive 1 1.61 2 0.66 3 0.39
Congenital Anomalies 0 0.00 1 0.33 1 0.13

Total 2 14 29
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,,3LZ S (C,•nt'd)

n!3ths and Oeath Rates by Cause and ro for 1Jm5

iicnflying Officars

All
Ranch Hand Cl-CS Crnoari son:1o. Rate No. Rata :io. Rate

Neoplasm, Malignant 0 0.00 0 O.CO 1 3.61
"Votal 0 n

NJonflying Enlisted
Al1Ranch Hand Ci-Cs ComparisonNo. Rate No. Rate N~o. Rate

Accidental i 1.30 2 0.72 7 0.58Suicide 0 O.CO 0 O.CO 1 0.10Homicide 0 O.CO 0 O.0O 1 0.10Infections, Parasitic 0 o.rtX 0 O.CO I 0.10Neoplasm, Malignant 0 0."0 4 1.44 8 0.77Mental Disorders 0 O.CO 0 O.CO 1 0.10Circulatory System 1 1.80 8 2.87 16 1.55Respiratory System 0 0.00 0 O.CO 2 0.19Digestive 0 0.00 0 0.00 2 0.19Genitourinary System 0 0.00 0 0.Q0 1 0.10Ill-Defined 0 0.00 0 O.CO 1 0.10

Total 2 1$ 41

All Nonflyers
Al lRanch Hand Cl-CS Ccmpari son

No. Rate No. Rate 111o. Rate
Accidental 1 1.72 2 0.69 7 0.66Suicide 0 0.00 0 0.00 1 0.09Homicide 0 0.00 0 0.00 1 0.09Infections, Parasitic 0 0.00 0 O.CO 1 0.09Neoplasm, Malignant 0 0.00 4 1.38 9 0.85Mental Disorders 0 0.00 , 0.00 1 0.09Circulatory System 1 1.72 8 2.76 16 1.51Respiratory System (1 0.00 0 O.0O 2 0.19Digestive 0 0.00 0 0.00 2 '. 9Genitourinary System 0 0.00 0 0.00 1 0.09Ill-Defined 0 0.00 0 0.00 1 0.09

Total 2 14 42
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TABLE 6 (Cont'd)

ODaths and Death Rates by Cause and Group for 1985

All Personnel

All
Ranch Hand Cl-C5 Comparison
No. Rate No. Rate No. Rate

Accidental 1 0.83 4 0.67 13 0.71
Suicide 0 0.00 0 0.00 1 0.05
Homicide 0 0.00 0 0.00 1 0.05
Infections, Parasitic 0 0.00 0 0.00 1 0.05
Neoplasm, Malignant 1 0.83 7 1.18 18 0.99
Endocrine 0 0.00 1 0.17 1 0.05
Mental Disorders 0 0.00 0 0.00 1 0.05
Circulatory System 1 0.83 13 2.19 25 1.37
Respiratory System 0 0.00 0 0.00 2 0.11
Digestive 1 0.83 2 0.34 5 0.27
Genitourinary System 0 0.00 0 0.00 1 0.05
Congenital Anomalies 0 0.00 1 0.17 1 0.05
Ill-Defined 0 0.00 0 0.00 1 0.05

Total 4 28 71

TABLE 7

Group Site-Specific Neoplasm Mortality for 1983

Nunmer of Deaths

Ranch All
Category Hand C1-C5 Comp

150-159 Digestive Organs and Peritoneum
150.9 Oesophagus, Unspecified 0 0 1
151.9 Stomach, Unspecified 1 0 0
153.4 Colon, Caecum 0 0 1
153.9 Colon, Unspecified 0 0 1
157.4 Islets of Langerhans 1 1

160-165 Respiratory and Intrathoracic Orqans
162.9 Bronchus and Lung, Unspecified 1 2 4

170-175 Bone, Connective Tissue, Skin and Breast
172.5 Skin, Trunk 0 0 1

190-199 Other and Unspecified Sites
199.1 Other, Unspecified 0 0 2

200-208 Ly'mphatic and Haematopoietic Tissue
200.1 Lymphosarcoma 0 1 1
202.8 Other Lymphomas 0 0 1

Total 2 4 13
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TABLE 8

Group Site-Specific Neoplasm Mortality for 1984

Number of Deaths

Ranch All
Category Hand CI-C5 Comp

140-149 Lip, Oral Cavity and Pharynx
141.9 Tongue, Unspecified 0 0 1

150-159 Dfgestive Organs and Peritoneum
150.5 Oesophagus, Ldwer Third 0 0 1
153.9 Colon, Unspecified 0 1 3
154.1 Rectum 0 1 1
157.9 Pancreas, Unspecified 0 1 1

160-165 Respiratory and intrathoracic Organs
161.9 Larynx, Unspecified 0 0 1
162.3 Upper Lobe, Bronchus or Lung 0 1 1
162.9 Bronchus and Lung, Unspecified 0 3 7

179-189 Genitourinary Organs
188.9 Bladder, Unspecified 0 0

190-199 Other and Unspccified Sites
195.0 Head, Face and Neck. 0 1
199.1 Other, Unspecified 0- 0 2

Total 0 8

TABLE 9

Group Site-Specific Neoplasm Mortality for 1985

Number of Deaths

Ranch All
Category Hand Cl-CS Comp

150-159 Digestive Organs and Peritoneum
150.9 Oesophagus, Unspecified 0 1 1
153.9 Colon, Unspecified 0 0 1
157.9 Pancreas, Unspecified 0 0 1

160-165 Respiratory and Intrathoracic Or3ans
162.3 Upper Lobe, Bronchus or Lung C 0 1
162.9 Bronchus and Lung, Unspecified 1 5 8

190-199 Other and Unspecified Sites
191.9 Brain, Unspecified 0 0 1
195.0 Head, Face and Neck 0 1 2
199.1 Other, Unspecified 0 0 3

Total 1 7 18
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TABLE 10

Morphology of Malignant Neoplasms Deaths by Group for 1983

Number of Deaths

Ranch All
Category Hand C1-C5 Comp

M8100 Neoplasms NOS
150-159 Digestive Organs and Peritoneum (1 1 2
160-165 Respiratory and Intrathoracic Organs 1. 2 2
190-199 Other and Unspecified Sites 0. 0 2

M801-M804 Epithelial Neoplasms NOS
150-159 Digestive Organs and Peritoneum 1 0 0

M805-M808 Papillary and squamous cell neoplasms
160-165 Respiratory and Intrathoracic Organs 0 0 1

M814-M838 Adenomas and adenocarcinomas
150-159 Digestive Organs and Peritoneum 0 0 2
160-165 Respiratory and Intrathoracic Organs 0 0 1

M872-M879 Naevi and melanomas
170-175 Bone, Connective Tissue, Skin and Breast 0' 0 1

M95g.•N-63 tymphomas NOS or diffuse
200-208 Lymphatic and Haematopoietic Tissue 0. 0 1

M964 Reiticulosarcomas
200-208 Lymphatic and Haematopoietic Tissue G 1 1

Total 2 4 13

TABLE 11

Morphology of Malignant Neoplasms Deaths by Group for 1984.

Number of Deaths

Ranch All
Category Hand Cl-CS Comp

M800 Neoplasms NOS
150-159 Digestive Organs and Peritoneum 0 2 2
160-165 Respiratory and Intrathoracic Organs 0 1 4
179-189 Genitourinary Organs 0 0 1
190-199 Other and Unspecified Sites 0 1 2

M801-M804 Epithelial Neoplasms NOS
150-159 Digestive Organs and Peritoneum 0 0 2
160-165 Respiratory and Intrathoracic Organs O .2 4

M805-M808 Papillary and squamous cell neoplasms
140-149 Lip, Oral Cavity and Pharynx 0. 0 1
160-165 Respiratory and Intrathoracic Organs 0. 1 1

M814-M838 Adenomas and adenocarcinomas
150-159 Digestive Organs and Peritoneum 0 1 2

M856-M858 Complex epithelial neoplasms
190-199 Other and Unspecified Sites 0 0 1

Total 0 8 20
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TABLE 12

Morphology of Malignant Neoplasm- Deaths by Group for 1985

Number af Deaths

Ranch All
Category Hand Cl-CS Comp

M800 Neoplasms NOS
150-159 Digestive Organs and Peritoneum 0 0 1
160-165 Respiratory and Intrathoracic Organs 0 3 5
190-199 Other and Unspecified Sites 0 0 2

M811-M804 Epithelial Neoplasms NOS
160-165 Respiratory and Intrathoracic Organs 1 1 3

M805-M808 Papillary and squamous cell neoplasms
190-199 Other and Unspecified Sites 0 1 2

M814-M838 Adenomas and adenocarcinomas
150-159 Digestive Organs and Peritoneum 0 1 2
160-165 Respiratory and Intrathoracic Organs 0 1 1

M9G6-M909 Germ cell neoplasms -A
190-199 Other and Unspecified Sites 0 0 1

M938-4948 Gliomas
190-199 Other and Unspecified Sites 0 0 1

Total 1 7 18

TABLE 13

Group Site-Sp*-cific Nonmalignant Digestive System Mortality for 1983

Number of Deaths

Ranch All
Category Hand C1-C5 Comp

570-579 Digestive System, Other
571.2 Alcoholic Cirrhosis of Liver 0 1 1
571.5 Cirrhosis of Liver, Nonalcoholic 0 0 1
572.9 Other Sequelae of Chronic Liver Disease 0 1 1

Total 0 2 3
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TABLE 14

Group Site-Specific Nonmalignant Digestive System Mortality for 1984

Number of Deaths

Ranch All
Category Hand C1-C5 Comp

530-537 Oesophagus, Stomach and-Duodenum
532.4 Duodenal Ulcer with Haemorrhage 0 0 1

570-579 Digestive System, Other
571.3 Alcoholic Liver Damage, Unspecified 0 0 1

Total 0 0 2

TABLE 15

Group Site-Specific Nonmalignant Digestive System M~ortality for 1985

Number of Deaths

Ranch All
Category Hand CI-CS Comp

540-543 Appendicitis
540.0 Acute Appendicitis, Peritonitis 0 0 1

570-579 Digestive System, Other
571.2 Alcoholic Cirrhosis of Liver 0 1 1
571.3 Alcoholic Liver Damage, Uispecified 0 0 1
571.5 Cirrhosis of Liver, Nonalcoholic 0 1 1
572.3 Portal Hypertension 0 0 1
572.9 Other Sequetae of Chronic Liver Disease 1 0 0

Total 1 2 5
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